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MIMELPS 85 NMOS MICROPROCESSORS 


MSLOOBSAP | 6-Bt Parallel Microprocessor—=~*~“‘*‘*‘dsNSLED | SGM | O00 | 300] 300] 3 | a0Ps [2-19 
5+5% | 450 


i N,Si, 
8-Bit Input/Output Port with 

M5L8212P iis soca othe, sath acta BLS 30%¢ 24ap4 | 2—34 
3-State Output 
4-Bit Parallel Bidirectional Bus 

M5L8216P = ange BLS | 5+5% | 475 | 25% 16P4 | 2—38 
Driver (Non Inverting) 
4-Bit Parallel Bidirecti 1B 

M5L8226P 2 Ping, seen eae BLS | 5+5% | 425 | 25% 2—38 
Driver (Inverting) 


MIMELPS 85 CMOS MICROPROCESSORS 























|[MsmsocesaP-2 | «Si [510%] 100 | 150 | 200 | 5 | 40P4 [2-3 | 
|MSMa0CasArP-2 | CMOS 8-bit Parallel Microprocessor | C.Si_|5£109/ 100 | 150 | 200 | 5 | 40p2R | 2-3 | 
|Msmsocesas-2 | si 510%] 100 | 150 | 200] 5 | 44P0 | 2-3 | 
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M5L8282P Octal Latch (Non Inverting) 5+10%| 250| — | — | — | 20P4 
M5L8283P Octal Latch (Inverting) s£10%| 250 | — | — | — | 20p4 [3-3 
Clock Generator and Driver for 
M5L8284AP B,LS 5109 18P4 | 3-7 
M5L8286P Octal Bus Transceiver (Non Inverting) 5+10%| 400 | — | — | — | 20P4 | 3-16 | 
M5L8287P Octal Bus Transceiver (Inverting) 5+10%! 400| — | — | — | 20P4 | 3-16 | 
M5L8288P Bus Controller st10%| 500 | — | — | — | 20P4 | 3-20 | 
M5L8289P 510% | 350 | — | — | — | 20P4 | 3-28 | 
MINMOS PERIPHERAL CIRCUITS 
2048-Bit Static RAM with !/O 
MS5L8155P Me ee N,Si,ED| 55% | 500 | 170 | 320| 3 | 40pa | 5—3 
Ports and Timer (CE=“L” active) 
2048-Bit Static RAM with I/O 
M5L8156P ‘i . ae ” , N,Si,ED| 545% | 500 | 170 | 320 3 40P4 | 5—11 
Ports and Timer (CE=“H” active) 


M5L8251AP-5 Programmable Communication Interface N,S1,ED 320 28P4 | 5—19 
M5L8253P-5 Programmable Interval Timer N,Si,ED | 510% 200 | 380 24P4 | 5—36 
M5L8255AP-5 Programmable Peripheral Interface N,Si,ED 1150 








Si, | — | 40P4 
M5L8257P-5 Programmable DMA Controller N,S1,ED 300 | 200 | 320 40P4 | 5—62 
M5L8259AP Programmable Interrupt Controller N,Si,ED | 510% | 275 
M5L8279P-5 Programmable Keyboard/Display Interface N,Si,ED | 510% | 250 
B = Bipolar. C = CMOS. ED = Enhancement depletion mode. 
N = N-channel. Si = Silicon gate LS = Low power Schottkey. 


yxIndicates propagation time. 
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MICMOS PERIPHERAL CIRCUITS 


MEMBTOSSP2 | oy 0c ayn sate pan win Vo 
MeMaTOssrp-2 | CMOS2MEDIState RAN Wh VO 120 | 200 
MEM81C56J-2 120 | 200 
peMeileen = CMOS 2048-bit Static RAM with 1/O stole ae teats 
pmsmatoserp-2 | CMOSZMEpn Sate RAM Win VO o.s1__[5:t10%| 35 | 120 | 200 
M5M81C56J-2 C,S1|5+10%| 35| 120 | 200 
MEMS2CS7AP-5 G.sr | 610% 


M5M82C37AFP-5 | CMOS Programmable DMA . | 40P2R + 
Controller 5+10% | 22.5} 140 | 200 5 4—23 

M5M82C37AJ-5 44P0 

M5M82C51AP C.Si | 510% —t. 170 | 320 28P4 


MS5M82C51AFP __| CMOS Programmable CS | 5+10% 170 | 320 28P2W 


M5M82C51AJ sommunlcanon Intetace Gs: |5+10%! 61170 | 320] 3 | 28P0 
M5M82C54P CS: |5+10%| 35/ 120 | 125 24P4 | 4—61 


M5M82C54FP CMOS Programmable oAP2W 
M5M82C54J Interval Timer C,Si 5+10% 35 | 120 | 125 4—61 


2 
28P0 
MS5M82CS5S5AP-2 C,Si 5+10% 120 20 
2 


M5M82C55AFP-2 | CMOS Programmable 
MS5M82C55AJ-2 Peripheral Interface C,S1 5+10% 120 | 320 


ef 
=a = 
40P2R ro 
= [10 0 | ie 
MEMB2C59AP-2 esr [sziom| — [ao [aio] — | 












































i 28P4 | 4—88 
M5M82C59AFP-2 | CMOS Programmable CsI 5+10% 120 | 310 28P2W _ 
CMOS Programmable 


132-BIT MICROPROCESSORS Guicro™ - M32 FAMILY : , 














Electrical characteristics 


Typ. Max 
Circuit function Structure power frequency 
dissipation (MHz) 
(mW) 
M33210GS/FP-20 32-Bit Microprocessor(M32/100) CS | 545% 
M33220GS-20 32-Bit Microprocessor(M32/200) Csi | 545% 1 


Package 

















M33230GS-20 32-Bit Microprocessor(M32/300) C,S! 5+5% | — | 2 | 
M33241GS DMA Controller(M32/DMAC) 1200 | 20 | 
M33242SP/J Interrupt Request Controller(M32/IRC) fc.Si | 55% | 200 








64P4X-A/ 
68P0X-A 





20 

20 

200 
M33243GS-25,-30 **| TAG Memory(M32/TAGM) | csi |5+10%| 125: | — | 

| M33244T-16,-20 **| Clock Pulse Generator for M32/200(CPG/200) | — | 55% | — | 16/20 | Tax. 
|M33245GS__—**| Cache Controller/Memory(M32/CCM) | CS | 55% | | = 1388 
|M33281GS-20 ++] Floating Point Processing Unit(M32/FPU) | C.Si_ | 58% | | 201588 Bx-A 


The Gmicro™ trade mark indicates a G-MICRO group thoron type micro processor 





* * > Under development 
C = CMOS. S1 = Silicon gate 





1-4 MITSUBISHI 
ELECTRIC 


MITSUBISHI LSis 


ORDERING INFORMATION 





Understanding the Type-Designation Code 
Type-designation examples are provided below to provide 
information about the products and their packages. These 
type designations are comprised of code elements. The 
blanks in some of the examples indicate that a code ele- 
ment is not necessary. When writing the type designation, 
the blank spaces are closed. 


Example 1. (Device) 


M SM 82CS9A J -2 
M3 3210 FP-20 


Le Difference of Electrical Characteristics 


Package strip 
Series, Circuit Seructure 
Use recommended operating conditions 


Type a sigh 


Example 2. (Package) 


40 P 2 R 
ee Se Auxiliary outline code 


Package outline 
Package structure 


Number of pins 
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PACKAGE OUTLINES 


TYPE 14P4 14-PIN MOLDED PLASTIC DIP Dimension in mm 


6.3+0.15 


7 62+0.3 


TYPE 16P4 16-PIN MOLDED PLASTIC DIP Dimension in mm 


6 3+0 15 


y 4 SMAX 
0 SMIN| 3 yqin 
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PACKAGE OUTLINES 


TYPE 18P4 18-PIN MOLDED PLASTIC DIP Dimension in mm 


+0.5 
24_9 2 


6 3+0 15 


0 SMIN +0.07 
3 MIN 0 27" 905 


7.6~ 10 


2 54+0 25 


TYPE 20S1 20-PIN METAL-SEALED CERAMIC DIP Dimension in mm 


24.9 MAX 


8.13MAX 


0.55MIN 


5 cee 7 0.250. 08 
_[[ 0.460. Se 2.54£0.15 Anes 


7.62 
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TYPE 20P4 20-PIN MOLDED PLASTIC DIP 


+0.5 
24 02 


6.3+0.15 





2.54+0.25 


TYPE 24P4 24-PiIN MOLDED PLASTIC DIP 


1340.15 


2.54+0.25 
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PACKAGE OUTLINES 


Dimension in mm 


7.62+0 3 


Dimension in mm 


15.24+0.3 





TYPE. 24P2W 24-PIN MOLDED PLASTIC FLAT 


TYPE 28P4 28-PIN MOLDED PLASTIC DIP 


13+0.15 
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PACKAGE OUTLINES 


Dimension in mm 


11.930. 3 


Dimension in mm 


15.24+0 3 
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TYPE 28P2W 28-PIN MOLDED PLASTIC FLAT Dimension in mm 


17 520; 2 


0.8540. 1 


11.9320:3 


Dimension in mm 


13+0.15 


15.24+0.3 


0.S5MIN 
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PACKAGE OUTLINES 


TYPE 40P2R 40-PIN MOLDED PLASTIC FLAT Dimension in mm 


175 220.2 


0 85+0.1 
0 O5MIN 


11.93+0.3 


TYPE 64P4B 64-PIN MOLDED PLASTIC DIP (LEAD PITCH 1.78mm) Dimension in mm 


19.05+0.3 


acheter ee 
Iv AIT 
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PACKAGE OUTLINES 


TYPE 64S8X-A 64-PIN METAL-SEALED CERAMIC PGA (Gmicro™) Dimension in mm 


1.27 TYP DIA 
2. 54-40. 25 


INDEX AREA 


FI© 000000006 
0000000000 
©0000000000 
©°000000060 


18. 24 SQ TYP 


+0, 46 
26.20 9 31sQ 


TYPE 68POX-A 68-PIN MOLDED PLASTIC LEADED CHIP CARRIER (Gmicro™) Dimension in mm 


+0. 22 
265.15220,.13 SQ pa —0.11 20. 32 





1, 270. 13 








23. 650. 51 No LEAD No 


RO. 75 TYP 
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PACKAGE OUTLINES 


TYPE 135S8X-A 135-PIN METAL-SEALED CERAMIC PGA (Gmicro™) Dimension in mm 


3. 3TYP 33, 02-£0. 45 
1. 27TYP 2, 54-40. 25 


OO000008 
OOO0O0000 
OO0000 00 

O0O0O 


+1 
oo) 
+l! + 
ols 
ed 


TYPE 135S8 135-PIN METAL-SEALED CERAMIC PGA (Gmicro™) Dimension in mm 


(137. 60-£0. 40 - 7. 39MAX 33, 02-0. 30 


3.54 3,800.5] 2.5440. 3 


OOO QDOO OOO OOO OO 
OM OOO OO OOOOOOO 
OOD OOD OOO OOO OO 


$0. 460. 05 


INDEX MARK 
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PACKAGE OUTLINES 


TYPE 14T4X-A 14-PIN HERMETIC-SEALED PACKAGE (Gmicro™) Dimension in mm 


15. 240. 3 


Vs) as cn 
Com) ro) 

,oos) 

+ 4 : +H 

oO N q 

(an) s 

“ na = 


| 20. 00.5 | 


10. 50.5 


60.6->4 
15, 24+0. 3 








Dimension in mm 


TYPE 64P4X-A 64-PIN MOLDED PLASTIC DIP (LEAD PITCH 1.778mm) 


(Gmicro™) 







+0. 20 


58, 00 y’ es 


ny 





INDEX-1 
Ya DEX-2 ; 


ULL UIT 
+0. 50 
1.00 _5 


(TTT 





17. 0040. 25 
19.05 TYP 





















55. 118 
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PACKAGE OUTLINES 


TYPE 179S8X-A 179-PIN METAL-SEALED CERAMIC PGA (Gmicro™) Dimension in mm 


°° 
oo 
oo 
o 6 
ae] 
en) 
°° 
e 0 
e3°e 
° 


@°2000007000°00 Of 


2.54 0.25 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 





1. INTRODUCTION 


A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSlIs for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The IEC document which 
describes ‘‘Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories’ is 
introduced below. In this data book, the dynamic para- 
meters in the IEC document are applied to timing 
requirements and switching characteristics. 


2. LETTER SYMBOLS 


The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 


2.1. General Form 


The dynamic parameters are represented by a general 
symbol of the form: 


RAIBCMDO)E- accssictetcietetavumceoueads (1) 

where : 

Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B_ indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is negative. 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi- 
cated. 


Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 


Note 1 Subscripts A to F may each consists of one or more¥etters 


2 Subscripts D and E are not used for transition times 

3 The ‘‘—"' in the symbol (1) above is used to indicate ‘‘to’’, hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it is tmportant to note that this convention ts used 
for all dynamic parameters including hold times Where no muisunder- 
standing can occur the hyphen may be omitted 


2.2. Abbreviated Form 


The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to: 


ta(B—p) 
or  ta(s) 
or ta(p) — often used for hold times 
or tar — no brackets are used in this case 
or ta 


or tpc—pe — often used for unclassified time 
intervals 


2.3. Allocation of Subscripts 


In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals if this 
aids understanding.. 


3. SUBSCRIPT A 


(For Type of Dynamic Parameter) 


The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. Erasure ER 
The letter symbols so far proposed for memory circuits Output enable G 
are listed in sub-clauses 3.1 and 3.2 below. Program PR 
All subscripts A should be in lower-case. Data output Q 

Read R 

3.1. Timing Requirements Row address RA 
The letter symbols for the timing requirements of semi- i — strobe ia 
conductor memories are as follows : eines R 

Read/Write RW 
Term Subscript Chip select S 
Cycle time é Write (write enable) W 
Ti ; ? Note 1 In the letter symbols for time intervals, bars over the subscripts, for ex- 
ime interval between two signal events d Saple ONS chauldmelba used 
Fall time f 2 it should be noted, when further letter symbols are chosen, that the sub- 
Hold time h script should not end with H, K, V, X, or Z (See clause 5) 
p h . 2 3 If the same terminal, or signal, can be used for two functions (for example 
recharging time pe Data input/output, Read/Write) the waveform should be labelled with the 
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters 
Recovery time rec should include only that part of the subscript relevant to the parameter 
Refresh time interval - rf 
Setup tine a 5. SUBSCRIPTS C AND E 
Peancitontinie ; (For Transition of Signal) 
Pulse duration (width) Ww The following symbols are used to represent the level or 
state of a signal : 

3.2. Characteristics Transition of signal Subscript 
The letter symbols for the dynamic characteristics of High logic level H 
semiconductor memories are as follows: Low logic level L 

Ch sates Schacint Valid steady-state level (either low or high) V 

aracteristic ubscri : : y 
7 Unknown, changing, or ‘don’t care’ level X 

Access time a High-impedance state of three-state output Z 
Disable time dis ; ae 
Enable time be The direction of transition is expressed by two letters, 
Propagation:time iS the direction being from the state represented by the 
Recovery tine ee first letter to that represented by the second letter, with 
Treaasiioatimne ; the letters being as given above. 
Valid time ; When no misunderstanding can occur, the first letter 


may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 


Note Recovery time for use as a characteristic is limited to sense recovery time 


: All subscripts C and E should be in upper-case. 
4. SUBSCRIPTS B AND D Hy SUpSEH HIS ae end Creluee | 
(For Signal Name or Terminal Name) Subscript 
The letter symbols for the signal name or the name of Examples Full Abbreviated 
the terminal are as given below. Transition from high level to 
All subscripts B and D should be in upper-case. low level HL L 
Transition from low level to 
Signal or terminal Subscript high level LH H 
Transition from unknown or 
Address A changing state to valid state XV V 
Clock C Transition from valid state to 
Column address CA unknown or changing state VX xX 
Column address strobe CAS Transition from high-impedance 
Data input D state to valid state ZV V 
Data input/output DO Note Since subscripts C and E may be abbreviated, and since subscripts B and D 


‘ may contain an indeterminate number of letters, it is necessary to put the 
Chip enable E restriction on the subscripts B and D that they should not end with H, L, 
V, X, or Z, so as to avoid possible confusion 
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6. SUBSCRIPT F (For Additional Information) 


If necessary, subscript F is used to represent any addi- 

tional qualification of the parameter such as mode of 

operation, test conditions, etc. The letter symbols for 
~ subscript F are given below. 

Subscript F should be in upper-case. 





Modes of operation Subscript 
Power-down PD 
Page-mode read PGR 
Page-mode write PGW 
Read R 
Refresh RF 
Read-modify-write RMW 
Read-write RW 
Write WwW 
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FOR DIGITAL INTEGRATED CIRCUITS 


New symbol |Foriner symbol 


Ci(g) 
f 


Fp) 

| 

BB 

| BB(AV) 
loo 
lCC(Av) 
1CC(PD) 
ys) 

| DDC AV) 
'GG 
1GG(AV) 


R, 
Re 


Ron 

ta 
ta(a) 
ta(cas) 
face) 
laa) 
apr) 


ta(ras) 


tas) 
tc 
tor 
torr 
tcpa 


tcrRmMw 


tow 





ta(ab) 
ta(cE) 


ta (OE) 


ta(cs) 


Tc(RD) 
tc (REF) 
te (Pa) 
tco(RMR) 


tecwr) 


Parameter—definition 


Input capacitance 

Output capacitance 

Input/output terminal capacitance 

Input capacitance of clock input 

Frequency 

Clock frequency 

Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal ts defined as a negative value 

Supply current from Veg 

Average supply current from Veg 

Supply current from Vcc 

Avarage supply current from Vcc 

Power-down supply current from Vcc 

Supply current from Vop 

Average supply current from Vop 

Supply current from Veg 

Average supply current from VGg 

Input current 

High-level input current—the value of the input current when Voy 1s applied to the input considered 

Low-level input current—the value of the input current when Vo, 1s applied to the input considered 

High-level output current—the value of the output current when Voy !s applied to the output considered 

Low-level output current—the value of the output current when Vo ts applied to the output considered 

Off-state (high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 
it will establish according to the product specification, the off (high-impedance) state at the output 

Off-state (high-impedance state) output current, with high-level voltage applied to the output 

Off-state (high-impedance state) output current, with low-level voltage applied to the output 

Short-circuit output Current 

Supply current from Vsg 

Power dissipation E 

Number of erase/write cycles 

Number of read access unrefreshed 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 

Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 

Column address strobe access time 

Chip enable access time 

Output enable access time 

Data access time after program 

Row address strobe access time 

Chip select access time 

Cycle time 


Read cycle time—the time interval between the start of a read cylce and the start of the next cycle 


Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to ts original level 


Page-mode cycle time 
Read-modify-write cycle time—the time interval between teh start of a cycle in which the memory is read and new data Is entered, and the start of 
the next cycle 


Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 
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td 


td(¢g) 
td (cas-RAS) 





Delay time—the time between the specified reference points on two pulses 






Delay time between clock pulses—e g , symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 






Delay time, column address strobe to row address strobe 






td(cas-w) |td(cas wr)| Delay time, column address strobe to write 






td (RAS-CAS) Delay time, row address strobe to column address strobe 






tdc(ras-w) |td(Ras-wre)| Delay time, row address strobe to write 






tdis(r-a) |tdis(R-DA) Output disable time after read 






tdis(s) tpxz(cs) * Qutput disable time after chip select 






tdis(w) tpxz(wr) Output disable time after write 






t DHL. High-level to low-level delay time -the time tnterval between specified reference points on the input and on the output pulses, when the 


Low-level to high-level delay time output 1s going to the low (high) level! and when the device is driven and loaded by specified networks 






toLH 
tpzv(A-Dg)| Output enable time after address 






ten(a-Q) 


ten (R-Q) tezv(R-De) Output enable time after read 






ten(s-o) tpzx(cs-p9) Output enable time after chip select 
tf 


th 







Fall time 


Hold time—the interval time during which a signal at a specified input terminal after an active transition occurs at another specified input terminal 






th(a) th( ab) Address hold time 


th(A-E) 






th(AD-CE) Chip enable hold time after address 






th (A-PR) th(ap-PRO) Program hold time after address 






th(cas-ca) Column address hold time after column address strobe 






th (CAS-D) th(cas-DA) Data-in hold time after column address strobe 






th (CAS-Q) | th(cas-ouT) Data-out hold time after column address strobe 






th (CAS-RAS) Row address strobe hold time after column address strobe 






th (CAS-W) th (CAS-WR) Write hold time after column address strobe 
th(p) 

th (D-PR) 
the) 

th (E-p) 

th(E-G) 

thr) 






th pa) Data-in hold time 






th(pA-PRO)| Program hold time after data-in 






th(ce) Chip enable hold time 






th(ce-DA) Data-in hold time after chip enable 






th(CE-0E) Output enable hold time after chip enable 






th Rp) Read hold time 






th(RAS-CA) Column address hold time after row address strobe 





t h(RAS-CAS) Column address strobe hold time after row address strobe 






thcRas-pa)| Daten hold time after row address strobe 






th (RAS-D) 
th (RAS-w) th RAS- WR) Write hold time after row address strobe 
th(s) 


thcw) 






thccs) Chip select hold time 






thcwrR) Write hold time 






th w-cas) |th(wr-cas)| Column address strobe hold time after write 






th(w-b) th(wr-DA) Data-in hold time after write 






th (w-RAS) thc wR-RAS) Row address hold time after write 







High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the 






tPHL 
Output 1s going to the low (high) level and when the device ts driven and loaded by typical devices 
t Low-level to high-level propagation time of stated type 
PLH 
tr Rise time 
trec (Ww) twr Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle 
trec (PD) tR(PD) Power-down recovery time 








tsu Setup time—the time interval between the application of a signal which is maintained at a specitfed input terminal! and a consecutive active 


tarnsition at another specified input terminal! 






tsu(a) tsu(AD) Address setup time 


tsu(a-E) tsu(ap-ce)| Chip enable setup time before address 






tsu(a-w) tsu(aAD-wr) Write setup time before address 






Tsu (CA-RAS) Row address strobe setup time before column address 
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New symbol |Former symbol 


tsu(p) 
tsu(p-€) 
tsu(p-w) 
tsu(e) 
tsu(e-P) 
tsu(G-€) 
tsu(P-E) 
tsu(PD) 
tsu(R) 
tsu(R-Cas) 
tsu (RA-CaS) 
tsu(s) 
tsu(s-w) 
tsucw) 
tTHL 
tTLH 
tv¢a) 
tv(e) 

tv (E)PR 
tv(a) 

tv (PR) 
tvs) 

tw 
tw) 

tw (EH) 
twceL) 
twcpr) 
tw¢R) 
tw(s) 


twow) 


two) 
Ta 


Topr 
Tstg 


VBB 


tsu (DA) 
tsu (DA-CE) 
tsu(DA-wR) 
tsu (cE) 
tsu (CE-P) 
tsu (OE-CE) 
tsu(P-cE) 


tsu(RD) 


tsu (RA-CAS) 


tsu(cs) 
tsu(CS-wR) 


tsu(wr) 


tdv (aD) 
tdv (ce) 
tv(CcE)PR 


tv (OE) 


tyes) 


tw(ce) 
tw (CEH) 


tw(eL) 


tw¢rRb) 
twccs) 


twcwr) 





Parameter—definition 


Data-in setup time 

Chip enable setup time before data-in 

Write setup time before data-in 

Chip enable setup time 

Precharge setup time before chip enable 

Chip enable setup time before output enable 
Chip enable setup time before precharge 
Power-down setup time 

Read setup time 

Column address strobe setup time before read 
Column address strobe setup time before row address 
Chip select setup time 

Write setup time before chip select 

Write setup time 


High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output Is 


going to the low (htgh) level and when a specified input signal ts applied through a specified network and 
the output is loaded by another specified network 


Low-level- to high-level transition time 
Data valid time after address 
Data valid time after chip enable 
Data valid time after chip enable in program mode 

Data valid time after output enable 

Data valid time after program 

Data valid time after chip select 

Pulse width (pulse duration) the time interval between specified reference points on the leading and training edges of the waveforms 
Chip enable pulse width 

Chip enable high pulse width 

Chip enable low pulse width 

Program pulse width 

Read pulse width 

Chip select pulse width 

Wrtie pulse width 

Clock pulse width 

Ambient temperature 

Operating temperature 

Storage temperature 

Vep supply voltage 

Vcc supply voltage 

Vop supply voltage 

Voc supply voltage 

Input voltage 

High-level input voltage—the value of the permitted high-state voltage at the input 

Low-level input voltage—the value of the permitted low-state voltage at the input 

Output voltage 

High-level output voltage—the value of the guaranteed high-state voltage range at the output 


Low-level output voltage—the value of the guaranteed low-state voltage range at the output 


Vss supply voltage 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy “Quality First”, and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Microprocessor and 
Peripheral Circuits ICs. 


2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Figure 1. 


2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 

new product. 

(1). Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure machanism. 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery and etc. 


2.2 Quality Assurance in Manufacturing 

Quality assurance in manufacturing is performed as follows 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipment, automatic testing equipment, 
and measuring instruments. 





(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections’in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 
-Electrical characteristics and visual inspection, lot by 
lot sampling 
-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 


2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages : new product develop- 
ment, pre-production, and mass-production. 

At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test, and TEG evaluation, if neces- 
sary. TEG chips are designed and prepared for new device 
structure, new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 


Table 1 TYPICAL RELIABILITY TEST PROGRAM 


FOR PLASTIC ENCAPSULATED IC & LSI 


Test condition 
230°C, 5sec Rosin flux 
260°C, 10sec 
—55°C, 125°C, 15cycles 
—65°C, 150°C, 100cycles 
250gr, 90°, 2arcs 
1500G, 0. 5msec 
20G, 100~2000Hz 
X, Y, Z direction 





Solderabrlity 
Soldering heat 











Thermal shock 
Temperature cycling 
Lead fatigue 











Vibration 


4min /cycle, 4cycles/direction 
20000G, Y direction, Imin 
Ta=Toprmax, Vccmax 
1000hours 


Constant acceleration 
Dynamic operation life 


High temperature. 150°C, 1000hours 
storage life 
High emiperatie and 


5 (4) 
high humidity 85°C, 85%, 1000hours 





Pressure cooker 121°C, 100%, 100hours 
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PRODUCTION 
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PRODUCTION 


MANUFACTURING CONTROL 


STAGE MARKET SALES 


MARKET SURVEY 
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DESIGN REVIEW 
T 
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RIAL PRODUCTION/ QUALIFICATION 
HARACTERIZATION 
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el 


DECISION OF PRE-PRODUCTION 


PREPARATION 
OF SPECS./ 
INSTRUCTION 
PRE-PRODUCTION 
 pecws QUALIFICATION (2) 


DECISION OF MASS PRODUCTION 





DESIGN/DEVELOPMENT 


















MATERIAL 
INCOMING 
TEST 
i WAFFR FAB = 
ASSEMBLY 


NAL 
INSPECTION 
QUALITY: 


ASSURANCE TEST 








MASS-PRODUCTION 









IN-PROCESS 
QUALITY CONTROL 


QUALITY DATA/FAILURE ANALYSIS/QUALITY 


IMPROVEMENT 
INVENTORY [ 


3 ORDER INVENTORY 
.— CONTROL 
x nelle a Sa 

@ 


RETURNED PRODUCT 


ENVIRONMENTAL CONTROL 


SSS SSS OC ANON ees See 


DELIVERY 











CUSTOMERS 





FAILURE ANALYSIS REPORT GENERATION 


FIELD SUPPORT 


a MALL GROUP ACTIVITY (OC CRC | SS ee 
SSC ANG SSS SS LS See 


~~ EQUIPMENT AND CALIBRATION CONTROL 


\ _———— FLOW OF PRODUCT — => FLOW OF INFORMATION 
Fig.1 FLOW CHART OF QUALITY ASSURANCE SYSTEM 
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Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 


2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of “Analysis Re- 
quest of Returned Product” 


RETURNED PRODUCT 
ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 


FAILURE ANALYSIS 
7 


tes Leite 


VISUAL INSPECTION 
ELECTRICAL 
CHARACTERISTICS TEST 
CLASSIFICATION OF 
FAILURE MODES 


ACCEPTANCE |4 


EJECTIO 








fea 


SIMULATION TEST 


ELECTRICAL 
CHARACTERISTICS TEST 


INSPECTION 


[ACCEPTANCE 


REPORT 
GENERATION 


INTERNAL VISUAL 


CHIP ANALYSIS 


INVESTIGATION OF CAUSE)" ppanese RECORD 


Mitsubishi provides various failure analysis equipment to 
analyze the returned product. A failure analysis report is 
generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 
duct to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
from customer. 








= | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
|* 
| 
Stites fe th aa Ne 
LS FAIMURE CAUSE 








PRELIMINARY 
CORRECTIVE ACTION 









CONFIRMATION 
OF QUALITY 


GO 
FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 


( 
Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 


NO GO 


REPORT TO 
CUSTOMER 
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3 RELIABILITY TEST RESULTS lure rate of Mitsubishi Microprocessor and Peripheral Cir- 
The reliability test results for Mitsubishi General Purpose cuits ICs is calculated 0.15% /1000hours (60% confidence 
ICs are shown in Table 2, Table 3 and Table 4. level) at maximum rating of operating condition. 

Table 2 shows the result of endurance tests of dynamic op- Table 3 shows the results of the environment tests of ther- 
eration life and high temperature storage life test for repre- mal stress, high temperature/high humidity and pressure 
sentative types of General Purpose ICs, Operational Ampli- cooker test for the same type of products in regards to en- 
fier, Voltage Comparator, Timer, Motor Driver, Voltage Reg- durance tests. 

ulator and Transistor Array. From Table 2, the combined fai- Table 4 shows the results of mechanical tests for repre- 


sentative products of various package types 


Table 2 ENDURANCE TEST RESULTS 


Sst Operating Life Test High Temperature Storage Life 
Ta=125C »  VocSVecmax Ta=150C 
i Type Number Number of Failures |Number of Samples Device Hours Number of Failures 
MELPS 85 M5L8085AP 
MELPS 86/88 M5L8284AP 38, 000 


M5L8288S 38, 000 
ag M5L8289P 38, 000 





io) 
io) 





44, 000 
44, 000 
44, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 
22, 000 


M5L8251AP-5 22, 000 
M5L8253P-5 88, 000 
M5L8255AP-5 88, 000 


NMOS 
Peripheral 
Circuit 





M5L8259AP 22, 000 
M5M82C37AP-4 22, 000 
M5M82C37AFP-4 22, 000 
MS5M82C54P-6 22, 000 
MS5M82C54FP-6 22, 000 
M5M82CS5SAP-5 22, 000 
MSM82CSSAFP-5; 22, 000 
M5M81C55P-2 22, 000 
M5M81 CSSFP-2 22, 000 
M5M82CS9AP-2 22, 000 
M5M82CS55AFP-2 22, 000 














CMOS 
Peripheral 
Circuit 














OE Ok Oe Oe OO Oe OO ORO OO ORO Omen) 
oo oO 0 0 0 0 0 0 0/0 0 0 0/0 0 0/0 








Table 3 ENVIRONMENTAL TEST RESULTS 


\ Soldering Heat 
Thermal Shock High Temperature/High Humidity Pressure Cooker 
Temperature Cycling 

































260°C, 10sec 
85" % 1000 
Test Condition —55, 125°C, 15cycles SC, 85% hours 


Voc=5V~5. 5V 
—65, 150°C, 100cycles oe 
Application Type Number umber of Samples| Number of Failures |Number of Samples} Number of Failures 


N 
MELPS 85 MS5L8085AP 22 
MPU M5L8212P 38 
38 


M5L8284AP 
” plies vere M5L8288S 38 
Microprocssors 


MSL8289P 38 
M5L8251AP-5 22 


121, 100% RH 240hours 


Number of Samples| Number of Failures | - 
88 


Joe | 8 
22 
22 
EaEo 
44 













mp + 
: 
© 


ooo co oOo CO 0 CO ODO O;/0 00 90/0 0 O;O 


















NMOS 

















Periphera) | MSL8253P-5 22 220 
poses M5L8255AP-5 22 176 
M5L8259AP 22 














M5M82C37AP-4 
M5M82C37AFP-4 
MS5M82C54P-6 22 
MS5M82C54FP-6 22 
MSM82C55AP-5 22 
MSM82C55AFP-5 22 
M5M81C55P-2 22 
M5M81C55FP-2 22 
MS5M82C59AP-2 22 
M5M82C59AFP-2 




























CMOS 
Peripheral 
Circuit 
















oo oO 0 0 00 00 0);00 0 0 
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Table 4 MECHANICAL TEST RESULTS 


Solderability 


Test Condition 
Type Number 
M5L8253P-5 


MS5L8251AP-5 
M5L8259AP 


M5L8085AP 
MSL8255AP-5 


MSM8259AFP 
MSM82CSSAFP-5 


See Table 1 
Package Pin Count 





























4 FAILURE ANALYSIS . 
Accelerated reliability tests are applied to observe failures 
casued by temperature, voltage, humidity, current, mecha- 
nical stress and those combined stresses on chips and 
packages 
Examples of typical failure modes are shown below. 
(1) Wire Bonding Failure by Thermal Stress 
Figure 3, Figure 4 and Figure 5 are examples of a fai- 
lure which occurs by high temperature storage test of 
225°C, 1000hours. 
Au-Al intermetallic 
plague”, 


formation, so-called “Purple 
by thermal overstress makes Au wire lift off 


from aluminum metallization. The activation energy of 
this failure mode is estimated at approximately 1.0eV 
and no failure has been observed so far in practical 
uses. 


Fig.3 

“| Micrograph of 

Ei lifted Au ball trace 
on Al bonding pad 








Fig.4 
Au-Al plague formation 
on bonding pad . 


Fig.5 
Lifted Au wire ball base 


See Table 1 





(2) 


Shock 
Vibration 
Constant Acceleration 
See Table 1 


Lead Fatigue 


Number of Samples} Number of Failures |Number of > Number of Failures |Number of — Number of Failures 


a on 
so 


Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 

Figure 6, Figure 7 and Figure 8 are examples of cor- 
roded failure of aluminum metallization of plastic en- 
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 121°C, 100%RH, 
1000hours duration. 

Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 





Fig.6 
Micrograph of corroded 
Aluminum metallization 


Destructive Failure by Electrical Overstress 

Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are examples of failure 
observed by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X ray micro 
analysis. 
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Fig.7 
Enlarged 
micrograph 
of corroded 
Aluminum 
bonding pad 


Ooi 





'30,urinn Fig.8 
thee eee Cl 
distribution 
on corroded 
Aluminum 
bonding pad 
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TRAGES OF 


Fig.10 
BSORGE 


Aluminum trace 
of destructive spot 





(4) Aluminum Electromigration 
Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 


Fig.11 
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5 SUMMARY 

The Mitsubishi quality assurance system and examples of 

reliability control have been discussed. The customer’s in- 

terests and requirements for high reliability IC & LSI are in- 
creasing significantly. To satisfy the customer's expectancy, 

Mitsubishi as an IC vendor, would like to make perpetual 

efforts in the following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action, and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate it if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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PRECAUTIONS IN HANDLING MOS ICs 





A MOS transistor has a very thin oxide insulator under the 
gate electrode on the silicon substrate. It is operated by 
altering the conductance (g,,) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 

Under certain conditions, however, it may be impossible 
to completely avoid destruction of the thin insulator-film 
due to the application of unexpectedly high voltage or 
thermal destruction due to excessive current from a 
forward biased P-N junction. The following recommenda- 
tions should be followed in handling MOS devices. 


1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 


1. The recommended ranges of Operating conditions 
provide adequate safety margins. Operating within these 
limits will assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive Current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 


2. KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 

When MOS IC/LSIs are not in use, both input and output 
terminals can be in a very high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 


3. KEEPING ELECTRICAL EQUIPMENT, 
WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and operat- 


ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc. attached around the wrist 
and grounded in series with a 1M Q2 resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 


. Current leakage from electric equipment must be 


prevented not only for personnel safety, ‘but also to 
avert the destruction of MOS IC/LSls, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded, 


. PRECAUTIONS FOR MOUNTING OF 


MOS IC/LSIs 


. The printed wiring lines to input and output terminals 


of MOS !IC/LSIs should not be close to or parallel! to 
high-voltage or high-power signal lines. Turning power 
on while the device ts short-circuited, either by a solder 
bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which may result in the destruction of the 
device. 


. When input/output, or input and/or output, terminals 


of MOS IC/LSIs (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 
circuit be inserted at the input or output terminal, or a 
resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 


_A filter circuit should be inserted in the AC power 


supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 


. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal plates should not be placed near 


input or output terminals of any MOS IC/LSls, since 
destruction of the insulation may result if they become 
electrostatically charged. 


. Equipment cases should provide shielding from electro- 


static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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DESCRIPTION 

The M5M80C85AP-2 is a family of single-chip 8-bit parallel 
central processing units (CPUs) developed using the sili- 
con gate CMOS process. It has a basic clock rate of SMHz. 
It is housed in a 40-pin plastic molded DIP. 

And preparatory for surface equipment MSM80C85AFP-2 
(SOP) and M5M80C85Au-2 (PLCC). 


FEATURES 

@ Single 5V supply voltage 

Clock period RS Tr OOOO KER TCO eer DC~5MHz 
Instruction cycle ssa meb buat e adios ate ie aleis a cra ei Se- we aiere-ater elo atele 0. 8 us (min. ) 
Software compatible with the M5L8085AP 

Pin connection conpatible with the 

M5L8085AP (except MS5M80C85AJ-2) 


®@ Clock generator (with an external crystal) 

@ Built-in system controller 

@ Four vectored interrupts (one of which is non- 
maskable) . 

@. Serial 1/0: port: sec ores eee 1 each 


@ Decimal, binary, and double precision arithmetic opera- 
tions 

@ Low power dissipation 
Operation loc=15MA (TYP) (Voc=5V, Ta=25 C, tc 
(CLK) =200ns) 
HALT instruction 
tc (CLK)=200ns) 
Power down Icgc= 20H A (TYP) (Voc =5V, Ta=25 C, 
X,=tixing on Vcc) = 

® Having bus hold circuit on ADp~ AD7, Ag~ Ais, RD, WR, 
\O/M 

@ Power down in HALT 


loc=7mMA (TYP) (Vec=5V, Ta=25 C, 


APPLICATION 


Central processing unit for a microcomputer 


FUNCTION 

Under the multiplexed data bus concept adopted, the high- 
order 8-bit of the address are used only as an adress bus 
and the low-order 8-bit are used as an address/data bus. 
During the first clock cycle of an instruction cycle, the 
address is transferred. The low-order 8-bit of the address 
are stored in the external latch by the address latch enable 
(ALE) signal. During the second and third clock cycles, the 
address/data bus functions as the data bus, transferring the 
data to memory or to the I/O. For bus control, the device 
provides RD, WR, and IO/M signals and an interrupt ack- 
nowledge signal (INTA). The HOLD, READY and all inter- 
rupt signals are synchronized with the clock pulse. For sim- 
ple serial data transfer it provides both a serial input data 
(SID) line and a serial output data (SOD) line. It also has 
three maskable restart interrupts and one non-maskable 
trap interrupt. 





PIN CONFIGURATION (TOP VIEW) 


clock putse | %1 
INPUTS 


RESET OUTPUT 
RESET OUT + 


TRAP INTERRUPT 2 
NpuT TRAP — 6 J 


RESTART 
INTERRUPT 
REQUEST 
INPUTS 


INTERRUPT 
REQUEST INPUT INTR — 
NTERRUPT 


OUTPUT 


BIDIRECTIONAL 
ADDRESS AND 
DATA BUS 


c-dAVS8008WSW 


40P4 


40P2R 


MSM80C85AJ-2 


Outline 44P0 
NC : NO CONNECTION 


MITSUBISHI 
ELECTRIC 


o-dVS8008WSN 


Voc (5V) 


+ HOLD HOLD INPUT 
AGKNOWLEDG 
E 
— HLDA output 
CLOCK PULSE 
OUTPUT 


+ RESET IN RESET INPUT 


— CLK 


«— READY READY INPUT 


— DATA TRANSFER 
— 107M contRoL ouTPUT 


—> S, STATUS 1 OUTPUT 
=~ READ CONTROL 

RD output 

_s WR WRITE CONTROL 


OUTPUT 


_+ ALE ADDRESS LATCH 
ENABLE OUTPUT 


—> So STATUS 0 OUTPUT 
— Ais 
— Avy 
— Aig 
Ais 
ADDRESS BUS 
— Aj, OUTPUTS 
— Aio 
— Ay 


— Ag 


(M5M80C85AP-2) 
(M5M80C85AFP-2) 


3] <— RESET IN 
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BLOCK DIAGRAM 


ADg AD, AD, ADo 
AD, | ADs AD, | AD, | 


| tie  seeeeeee 
— 


DATA BUS BUFFER/LATCH 


| 8 
INSTRUCTION MULTIPLEXER TMPORARY 


TEMPORARY TEMPORARY 


H(8) L(8 
INSTRUCTION es 
ACCUMULATOR DECODER) D\ J E(B 
LATCH(8) 
8-BIT PARALLEL MACHINE 
: is B(8 C(8 


ARITHMETIC 
LOGIC UNIT 


STACK POINTER (16) 
aT | PROGRAM COUNTER (16) 
DESI COMPEN INCREMENT/DECREMENT ADDRESS LATCH (16) 


SATION CIRCUIT 


REGISTER SELECT 


| 16 
CONTROL CIRCUIT ADDRESS BUFFER(16) 


INTA RST RST SOD | HLDA | READY S, ALE RD RESET IN Ais Aya Aig Ai2 Ari Ato Ag As 
5.5 7.5 | | 
INTR RST TRAP SID HOLD So 10/M RESET OUT 
6.5 








MITSUBISHI 
2—4 ELECTRIC 


MITSUBISHI LSis 


MSM80C8SAP-2/FP-2/J-2 


CMOS 8-BIT PARALLEL MICROPROCESSOR 





ADDITIONAL FUNCTIONS OF 
M5M80C85AP-2 

MSM80C85AP-2 has the following additional functions to 
the ones of M5L8085AP (NMOS). 


(1) POWER DOWN IN HALTING 

After the execution of the HALT instruction, the CPU enters 
in the power down mode. In the power down mode, the in- 
ternal clock is stopped. And the internal power dissipation 
is minimized. All internal status (registers, latches, --::°: ) is 
reserved, and the clock output is not stopped in this mode. 
To exit the power down mode, RESET input or interrupt sig- 
nal input is needed. These signals activate the internal 
clock signal and the power down mode is released. 


(2) BUS HOLD CIRCUIT 

M5M80C85AP-2 has the bus hold circuit. It holds the output 
pins H-level or L-level when the output buffer goes to the 
tri-state. If the input voltage is equal to the threthold vol- 
tage of the CMOS device, the large current flows through 
the P-channel transistor and N-channel transistor. 

The addition of this circuit prevents the pass through cur- 
rent of the input circuit of MSM80C85AP-2 and the CMOS 
device which is connected with this pin. 

This circuit realize the low power system configuration. 
Following diagram shows the bus hold circuit. 


The |/O or output pins which contain the bus hold circuit 
are 
eee mace mae ee eens reneeerseassenees ADyp~AD;7, Ag~ Ais, RD, WR, 1O0/M 








Internal CPU Bus Hold circuit 


External pin 





Output driver 


THE CLOCK INPUT FREQUENCY 
M5M80C85AP-2 can operate at DC ~ 5MHz clock rate 
(input clock is DC~10MHz). As the internal circuits are de- 
signed with the static circuit, the clock input can be stop- 
ped. So the single step function by the clock input is 
possible. 
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Input or 
Functions 
output 
; These pins are used to connect an external crystal to the internal clock generator 
Xi, Xe Clock input ‘i : : ? 
An external clock pulse can also be input through X; 


This signal indicates that the CPU is in the reset mode It can be used as a system RESET The sig- 
RESET OUT Reset output 7 y g 


nal is synchronised to the processor clock 
OD Serial output data Out 


This is an output data line for selial data. The output SOD may be set or reset by means of the SIM 
SID Serial input data 


instruction. It returns to high-level after the RESET. 
TRAP Trap interrupt 


This is an input data line for serial data, and the data on this line is moved to the 7th bit of the accu- 
mulator whenever a RIM instruction ts executed 

Restart interrupt 

request 





” 












A non-maskable restart which ts recognized at the same time as an INTR it ts not affected by any 
mask or another interrupt It has the highest interrupt priority 
Input timing is the same as for INTR for these three signals They all cause an automatic insertion of 
an internal RESTART RST 7.5 has the highest priority while RST 5.5 has the lowest All three sig- 
nals have a higher priority than INTR 














This signal is for a general purpose interrupt and ts sampled only during the last clock cycle of the 
instruction When an interrupt 1s acknowledged, the program counter (PC) Is held and an INTA sig- 
nal is generated During this cycle, a RESTART or CALL can be inserted to jump to an interrupt ser- 
vice routine. The interrupt request may be enable and disable by means of software But it is dis- 
able by the RESET and immeadiately after an accepted interrupt. 


This signal is used instead of RD during the instruction cycle after an INTR is accepted 


The low-order (1/O address) appears during the first clock cycle During the second and third clock 
In/out | cycles, tt becomes the data bus It remains in the bus hold state during the HOLD and HALT 
modes. 


Output the high-order 8 bits of the memory address or the 8 bits of the I/O address 
Address bus Out ae 
It remains in the bus hold state during the HOLD and HALT modes. 


Indicates the status of the bus 
S; So 
HALT 0 0 
So, S1 Status Out WRITE 0 4 
READ, DAD 1 0 
FETCH by 4 
The S; signal can be used as an advanced R/W status 


This signal 1s generated during the first clock cycle, to enable the address to be latched into the latches of 
peripherals The falling edge of ALE is guaranteed to latch the address information The ALE can also be 
used to strobe the status information, but it is Kept in the low-level state during bus idle machine cycles 


Indicates that the data on the data bus |s to be written into the selected memory at the falling edge 
of the signal WR It remains the bus hold state during the HOLD and HALT modes 
data transfer It remains in the bus hold state during the HOLD and HALT modes. 
— Data transfer This signal indicates whether the read/write is to memory or to I/O; 
It remains in the bus hold state during the HOLD and HALT modes 


When it is at high-level during a read or write cycle, the READY indicates that the memory or 
READY Ready input peripheral is ready to send or receive date. When the signal is at low-level, the CPU will wait for the 
signal to turn high-level before completing the read or write cycle 


Interrupt 
request signal 


——____ Interrupt acknowledge 
control signal 








Z 
4 
> 







Bidtrectional address 


~A 
AMS Be and data bus 


Ay 
q 
> 

















ALE Address latch enable 


Write control 





This signal (at least three clock cycles are necessary) sets the program counter to zero and resets 
the interrupt enable and HLDA flip-flops None of the other flags or registers (except the instruction 
register) are affected The CPU Is held in the reset mode as long as the signal is applied 

Clock pulses are available from this pin when a crystal is used as an Input to the CPU 

By this signal the processor acknowledges the HOLD request signal and indicates that it will relin- 
quish the buses in the next clock cycle The signal is returned to the low-level state after the HOLD 
request is completed The processor resumes the use of the buses one half clock cycle after the 
signal HLDA gose low-level 
When the CPU receives a HOLD request It relinquishes the use of the buses as soon as the current 
machine cycle is completed The CPU can regain the use of buses only after the HOLD state is re- 
moved Upon acknowledging the HOLD signal, the address bus, the data bus, RD, WR and |O/M 
lines are put in the bus hold state 


RESET IN 


Reset input 


ayer | 
<= 





CLK Clock output 












Hold 
HLDA acknowledge signal 















Hold 


HOLD ; 
request signal 





Note © HOLD, READY and all interrupt signals are synchronous with clock signal 
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STATUS INFORMATION 

Status information can be obtained directly from the 
M5M80C85AP-2. ALE is used as a status strobe. As the sta- 
tus is partially encoded, it informs the user in advance what 
type of bus transfer is being performed. The IO/M cycle 
Status signal is also obtained directly. Decoded Sp and S; 


signals carry: S; So 
HALT 0 0 
WRITE 0 1 


Each of the restart interrupts may be masked independent- 
ly to avoid interrupting the CPU. An interrupt requested by 
an RST 7.5 will be stored even when its mask is set and 
the interrupt is disabled. Masks can be changed in a SIM 
instruction or the RESET. When two enabled interrupts are 
requested at the same time, the interrupt with the highest 
priority will be accepted. The TRAP has the highest priority 
followed in order by RST 7.5, RST 6.5, RST 5.5 and INTR. 
This priority system dose not take into consideration the 


READ 1 ° (id for second "ol priority of an interrupt routine that is already started. In 
third machine cycles of 
FETCH 1 1 other words, when an RST 5.5 interrupt is reenabled before 


DAD instruction 
S; can be used in determining the R/W status of all bus 
transfers. 
In the M5M80C85AP-2 the low-order 8 bits of the address 
are multiplexed with date. When entering the low-order of 
the address into memory or peripheral latch circuits, the 
ALE is used as a strobe. 


INTERRUPT AND SERIAL I/O 

The MSM80C85AP-2 has five interrupt inpbuts—INTR, RST 
5.5, RST 6.5, RST 7.5, and TRAP. The three RST inputs, 
5.5, 6.5, 7.5, are provided with programmable masks. 
TRAP has the same function as the restart interrupt, except 
that it is non-maskable. 

When an interrupt is enabled and the corresponding inter- 
rupt mask is not set, the three RST interrupts will cause the 
internal execution of the RST. When non-maskable TRAP is 
applied, it causes the internal execution of an RST regard- 
less of the state of the interrupt enable or masks. The res- 
tart addresses (hexadecimal) of the interrupts are: 


Interrupt Adress 
TRAP 2416 
RST 5.5 2Ci¢6 
RST 6.5 3416 
RST 7.5 3Ci6 


Two different types of signal are used for restart interrupts. 
Both RST 5.5 and RST 6.5 are sensitive to high-level, and 
are acknowledged in the same timing as INTR. RST 7.5 is 
sensitive to rising-edge, and existence of a pulse sets the 
RST 7.5 interrupt request. This condition will be maintained 
until the request is fulfilled or reset by a SIM or RESET in- 
struction. 


ae a el 
FAA 
=e 


ie © 


x pepo \PoRT NOT) 


the termination of the RST 7.5 interrupt routine, it will inter- 
rupt the RST 7.5. 
The TRAP interrupt is very useful in preventing disastrous 


‘errors and bus errors resulting from power failures. The 


TRAP input is recognized in the same manner as any other 
interrupt, but it has the highest priority, and is not affected 
by any flags or masks. The TRAP input can be sensed by 
both edge and level. TRAP should be maintained high-level 
until it is acknowledged. But, it will not be acknowledged 
again unless it turns low-level and high-level again. In this 
manner, faulty operation due to noise or logic glitches is 
prevented. 

The selial 1/O system is also considered to be an interrupt 
as it is controlled by instructions RIM and SIM. The SID is 
read by instruction RIM and the SOD data is set by instruc- 
tion SIM. 


BASIC TIMING 

The M5M80C85AP-2 is provided with a multiplexed data 
bus. The ALE is utilized as a strobe with which the low- 
order 8 bits of the address on the data bus are sampled. 


| Fig.1 shows the basic cycle in which an out instruction is 


fetched, and memory is read and written to the I/O port. 
The I/O port address is stored in both the address bus and 
the address/data bus during the I/O write and read cycle. 
To enable the M5M80C85AP-2 to be used with a slow 
memory, the READY line is used for extending the read 
and write pulse width. 


eas San 


(PC.+1)4 HIGH-ORDER ADDRESS n (PORT NO ) 
ee eee 


a 


Se ee 


canine 


S:=1, So=1 (FETCH) 


Fig. 1 Basic a 
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MACHINE INSTRUCTIONS 


Mnemonic 16mal 
D706 OsO«eD3 020100 notatn 


Flags Address bus Data bus 


Functions : Mach Mach 
Ss P CY2CyY1| Contents cycle’ Contents ]|t/0 cycle"* 


Z 
x 
(M) + (r) Where. M=(H) (L) x 
(r) —(M) Where. M=(H) (L) x 
x 
xX 


No of bytes 
No of cycles 





(r+) —(r2) 


~~~ alINo of states 


o 


(r) <n 


(M) <n Where. M=(H) (L) 


10 (C) — <Ba 

(B) — <B> Where, m =<B3> <B2> 
10 (E) — <Ba> 

(D) « <B3> Where, m =<B3> <B2> 
10 (lL) + <Ba> 

(H) — <B> Where, m =<B3> <B2> 
10 


SP) —(H)(L 
Re ((B) (C))—(A) 
((D) (E) )— (A) 
HE sie ts 
(A) — ((D) (E)) 
(A) —(m) xXx x Xx X X Le 















7 


Data transfer 


K KK 

«x KK «>< 
<>< KK OK [>< 
|< KK >K [>< 
|< KK >< [>< 


< 
x 








~~ “mn oa Re 
3 Ir 3 
~~ ww ~ 
















(m) —(L) Xx X X X X m 
(m+ 1) + (H) m+) 
(L) — (m) Xx X X X X m 
(H) — (m+ 1) m+1 (m+1) 
Pa4ivj i H) (tL) = (D) (E) ee ee Pos 
eed (H) (L) + ( (SP) +1) ((SP)) xX X.x x xX | (SP) M2 | ((SP)) 
(SP) +1 M3 SP) +1 
4 A)—(A 
6/7 (A) — (A) +(M) Where, M=(H) (L) (M) 
6|7 (A) —(A) +n : <Ba> 





(A) —(A)+(r) +(CY2) 
(A) —(A)+(M)+(CY2) Where M =(H) (L) 
(A)—(A)+ n +(CY2) 














(H) (L) = (H) (L) +(B) (C) 
(H) (L) + (H) (L) +(D) (E) 
(H) (L) —(H) (L) + (CH) (L) 


oooo 
a 
oooo 





















(A) — (A) ~(r) 
(A) —(A)—(M) Where, M =(H) (L) 
(A)—(A)— 0 






(A) — (A) —(r) — (CY2) 
(A) —(A)—(M)—(CY2) Where. M =(H) (L) 
(A) —(A)-— n —(CY2) 






(A) —(A) Ar) 
(A) — (A) ACM) Where, M =(H) (L) 
(A) (A) A n 


Arithmetic logical compare 
























(A) « (A)¥(r) 
(A) —(A)¥(M) Where. M = (H) (L) 
(A) (A)¥ n 


“a 
is) 
iy 

Vv 









(A) —(A) \ (r) 
(A) —(A)\ (M) Where. M=(H) (L) 
(A)—(A)\ on 








< 
ee 

De 

we 






(A) — (r) | 
(A) — (M) | Compare, Where, M =(H)(L) 
(A) - A 





fa 
vw 





(r)—(r)+1 
(M) —(M)+1 Where, M(H) (tL) 
(r)—(r)-1 
(M)<-(M)-1 Where M =(H)(L) 

(B)(C)< (B)(C)+ 4 

(D) (E) —(D)(E) +1 

(H) (L) — (H) (L) +1 

(SP) —(SP)+1 

(B) (C) —(B)(C)-1 

(D) (E) (0) (E)- 4 

(H) (L) + (H) (L) -1 

(SP) —(SP)—1 


= 







= 



























Register 
increment/decrement 





xx x xp x x xX1IOOIOO] OOO} OOO} OOO} OOO} OOO! OOO x x = 





(xX KK KK KK KOK KOK 






i} 
658 x xX xX O X 
c 
OE 
2 O 
O68 
: Oa a gS eC ( 








ES Ee CES) ea RO a 
| 4 | 1 | 1 |Results of binary addition are adjusted to BCD OOO 0 OO} fe 
pA OV ONG Re Re a ee ee, wee eee Bl 
patria (cv) — tye xX x _ x OX Poe eS 
* State is Ti ** State 1S Tz 
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Instruction code 


Mnemonic 16 
mal 
0706 O50403 020100 notatn 






No of states 
No of bytes 
No of cycles 








3/2 





3/2 





3/2 








Functions 


(PC )«-m 


(PC )—(H) (L) 
(CY2)= 1 


(CY2)=0 | If condition is true 
(PC)—m 


(Z)+1 


( s )=0 | If condition is false 
(PC)+ (PC) + 3 


(S$ )=1 





( (SP) 
(SP) + (SP)-2 


(SP) «+ (SP)-2 Where 0sns7 










1) ((SP)-2)+-(PC) +3 (PC)-—m 









((SP)-1)( (SP) -2)<—(PC) +1 (PC)+-nx8, 























% lez m 11 001 100 
(Ss) 

o <B2> 

Cc <B3> 

5 CNZ m™ 11 000 100 
§ <B2? 

3 <B3> 

Y 




















Oiommooono 


aA 





o  oOojf~=2==+20000) 0 


n 11 


D 10} 2 | 3 
D3 | 10) 2; 3 


A 
Lae 





F 5 








Stack control 


Others ae : 








Mask set 
instructions 





























(CY2)=1 


(CY2)=0 
If condition is true 





( 








(PC)«m 


)(SP)- (SP) 2 


If condition is false 


(PC)+ (PC) + 3 





AgGress bus 


Mach |, Mach 


X KX X X X <Ba> 
<B3> 
xX xX XX 
xX X 


X 
Xx 























<Ba> 
<B3> 









Ma 












j 
1 

(PC)+3 fe) 

Ms  (PC)+3 0 

xX xX X xX X Ma (PC) +1 f°) 
fe) 








Z)=14C(SP) 1) ((SP) 2)+-(PC)+ 3 

















If condition is true 


























XX KK Ox <B2> 1 M2 
<B3> 1 M3 
(SP)-1 Ma (PC) +3] 0 Ma 

Xx X X X X 
(SP)- 2] Ms (PC) +3] 0 MSs 

















lf condition is true 


7 
0 

1 | (PC)—( (SP) +1) ( (SP) ) 
0 | (SP)+-(SP) +2 

o} 

1 If condition ts false 

1 | (PC)+ (PC) +1 

0 





(Output device of number n) < (A) 


<B2> <Ba> 
ce, 
(INTE) <0 xX xX X X X 
12/113 Xx X xX X 


(SP)—1)<—(A) ((SP)- 2) —(F 
(SP) —(SP)~-2 
((SP)—-1)* (B) ((SP)-2)—(C) 
(SP) —(SP)-2 
((SP)-1)<—(D) ((SP)-2) —(E) 
(SP) —(SP)-2 
((SP)—1) —(H). ((SP)—2) — (L) 
(SP) —(SP)-2 
(F) +-((SP)) (A)—((SP) +1) 
(SP) —(SP)+2 
(C) +((SP)) (B)* ((SP) +1) 
(SP) —(SP)+2 
(E) +-((SP)) (D)—((SP)+1) 
(SP) <«(SP)+2 
(L) +((SP)) (H)+( (SP) +1) 








(PC) (PC) +1 
(PC) + (PC) +1 


are read into the accumlator 


Mask 1s enabled (or disabled) to the RST interrupt 
corresponding to the contents (bit pattern) of the 
accumulator The serial output 1s enabled and the 
serial Output bit 1s loaded into the SOD latch 








All RST interrupt masks, any pending RST interrupt 
requests and the serial input data from the SID pin 

















((SP)) 
( (SP) +1) 
















KIX KK OK OK OK OK OK 
MEX KK OK OK OK OK OK 
KE<X KX KK OK OK OK OK 












X X X X X 









































** .State is T2 


* State is T1 
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MACHINE INSTRUCTIONS SYMBOL MEANING 






































| sm ___ | Two-byte data seal fe Ss Contents of register or memoy location 
| nC One-byte data aa Poe Vp INU OR Se 
DOO Vv nclusive OR 
<B2> Second byte of instruction register or a ro Exclusive OR 
<B3> Third byte of instruction SSS DB 001 Logical AND 
| AAA Cd Binary representation for RST instruction n or 010 } 
ae oo) ee 
E 8-bit data from the most to the least significant 100 x Content of flag is not changed after execution 
bit S, Z, X, CY1, 0, P, X, CY2 (X ts indefinite ) Wh 2 : Oo Content offlag is set or reset after execution 
ere 
PC eos var ff [inputmode 
Pose seen, 0 somna e 
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INSTRUCTION CODE LIST 






if 


0000 SIM 





0001 


0010 


0011 


0101 








0110 


0111 


eu) 








0011 | 0100 | 0101 | 0110 | 0111 
: 


MOV | MOV 
H,B 


MOV 
H,C 


MOV 


peite{al es] 





























co) 


1000 
1001 
B D 
DAX|LDAX| ~ 
D 
DCX 
D 


RLC 
=) 
DAD 

L 
B 
DCX 
B 
INR 
C 
DCR 
C 


—_|—_ 








2 


1100 


1101 


1110 


1111 F RRC | RAR | CMA | CMC 


This list shows the machine codes and corresponding 
machine instruction. D3~Do indicate the low-order 4 bits of 
the machine code and D7 ~ D, indicate the high-order 4 
bits. Hexadecimal numbers are also used to indicate this 








USH} PUSH 


POP 
B 
JNZ 
JMP 
P 
B 


D 


UNG 





CNG 


’ 


1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1911 

efole|s| 

me rwe | ae 
POP 


H PSW 
GPO CP 


PUSH} PUSH 



































MOV 
C,A 














MOV 
E,A 


MOV | MOV 





LA;A,A 





























M & 
ADC | SBB | XRA | CMP} RST RST RST RST 
A A A A 1 3 5 7 


code. The instruction may consists of 1, 2, or 3-byte, but 
only the first byte is listed. 


iene eee 
k eis 


indicates a 3-byte instruction. 
indicates a 2-byte instruction. 
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ABSOLUTE MAXIMUM RATINGS 







ae Input voltage With respect to Vss —0.3~Vect0. 3 
=0,3~Veot0.3 


MAX “H” All output and I/O pins output 
Output current “H” level and force same current. 
MAX “L.” All output and I/O pins output 
Output current “L” level and force same current. 
sae OO On cea 


Vcc 
Vi 
Vo 
Coating asa ea S ett ne eee 










Storge temperature range 









Supply voltage . 





ELECTRICAL CHARACTERISTICS $ (ta=—20~75°C, Vcc=5V+10%, Vss=OV, unless otherwise noted) 


- 
Symbol Parameter : Test conditions as U 
yp 


nit 
High-level input voltage Vect0. Vv 
Low-level input voltage 
X1, Xe High-level voltage 










w 


Oo}O}oO 
ue] xe] OD IRIRIRIRIR 1313 


Vecot0. 3 
Vect0. 3 





High-level reset input voltage 
Low-level reset input voltage 


lon=—400 uA 
V High-level output voltage or . 
lou = —20uA 


Low-level output voltage loL=2mMA 
joo Supply current from (Operation) 


IH 

IL 

OH 

OL 
loc 

Supply current from Voc (HALT) 

Cj 
Co 





| 
belle 


Hi Wilh! oO; Ww! oO 


Ne) — 
O;im | o1 


Nn — 


a 
bh 
ol 





Supply current from Voc (Stand by) (Note 1 ) 
Input leak current Vi=0V, Voc 


| loz Off-state output current Vo=0V~Vec 
| pun | Input current bus hold high Vi=3. 0V (Note 2 ) 


| ~) 
aio : 
oko) 
—h | eet 
oano) 
> 


Input current bus hold low Vi=0. 8V (Note 3 ) 


: Voc=Vss; f= 1MHz 

Input terminal capacitance : (Note 4 ) 
25mVrms, Ta=25'C 
Voc=Vss, f= 1MHz 

Output terminal capacitance igeeeien : (Note 4 ) 
25mVrms, Ta=25C 
: 7 Voc=Vss, f= 1MHz 

Cvo Input/Output terminal capacitance : (Note 4 ) 
25mVrms, Ta=25'C 


Note 1: Iccs should be measured after execution HALT instruction and then fixing clock on Vcc or Vss 
Vi=Voc or Vss, Voc=5. 5V, outputs unloaded. 

Note 2° IsHu should be measured after rasing Vin in bushold status to Vcc and setting it for 3. OV. 
Measurable pins ; ADpo~AD7, As~A1s, RD, WR, 1|O/M 

Note 3: Isxu_ should be measured after lowering Vin in bushold status to Vss and setting it for 0. 8V. 
Measurable pins H ADo~AD;7, As~™ Ais, RD, WR, 1O/M 

Note 4 : Unmeasured pins should be connected to Vss. 


et 
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TIMING REQUIREMENTS (Ta=—20~75C, Vec=5V+10%, Vss=OV, unless otherwise noted) 


Limits 
T 


Unit 






< 
ae) 









Clock cycle time 200 
DA input setup time —350 






READY input setup time 


READY input setup time 


tce(cLk) 2200ns 
C_=150pF 






| 
ho 
—S 
oO 








cmc 
No 
oO 


—_ 
ol 
© 






| 
= ~) 
TEE 8 re) 









| 
Ww 
© 


SWITCHING CHARACTERISTICS (ta=—20~75¢, Vec=5V+10%, Vss=OV, unless otherwise noted) 


sf, Limits 
Symbol Parameter Test conditions : 


ADo~AD7 
As~Ais5 






+ 
< 
xo) 





hb 
(o) 
=) 
a 






i 
oO 









ey 
(a) 
omen 
O}]w 
oO; Oo 


110 


td(aAD—ALe) Delay time, address output to ALE signal 


< 
ol iyo} or] ho ~ 3 
oO O/O/O]M ro) 

















































N 
Ww 
Oo 





td(contT—GONT) Control signal disable time 


ADo~AD7 
td(aD—GONT) Delay time, address output to control signal 
As~ Ais 


Delay time, ALE to data output 
Delay time, WR signal to data output 





a a) 
enone 90 

Delay time, date output to WR signal ns 
Paso || 








Delay time WR signal to data output 





25 

40 
150 
150 




























Note 5 : A.C Testing waveform 2.4 
input pulse level 0.45~2. 4V / 2 2 
Input pulse rise time 10ns 0.8 0.8 
Input pulse fall time 10ns 0. 45 
Reference level input Vinp=2V, Vi_=0. 8V 
output Von=2V, VoL=0. 8V 
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Parameters described in the timing requirements and ance with the relational expression shown in the following 
switching characteristics take relevant values in accord- tables when the frequency is varied. 


Relational expression with the frequency T (tecix)) in the MSM80C85AP-2 
TIMMING REQUIREMENTS (Ta=—20~75C, Voc=5V+£10%, Vss=OV, unless. otherwise noted) | 


I70—(5/24N)T | Min | 
asst 150—(3/24N)T | Min 
= | Min | 

















200—(3/2)T 
150—(2-+N)T 


SWITCHING CHARACTERISTICS (ta=—20~75¢, Voc=5V+10%, Vss=OV, unless otherwise noted) 


Symbol Palameter Test conditions Relational expression (Note 6 ) Limit 
CLK output low-level pulse width (1/2)T—60 


Min 

twicLk) CLK output high-level pulse width (1/2) T—30 Min 
In 

Min 














t Del t dd tout t LE | a b ) M 
elay time, adaress Output to A signa 
d(ap ALE) y g (1 /2)T 50 


Delay time, ALE signal to address output (1/2) T—50 
ALE pulse width (1/2) T—20 
Delay time, ALE to CLK (1/2) T—50 
Delay time, ALE to control signal 1/2)T—40 





( 
Address enabie time from read ( 
Address valid time after control signal (1/2)T—40 
Delay time, data output to WR signal (3/2--N)T—70 


td(WR-pDa) Delay time WR signal to data output (1/2)T—40 


1/2) 1-10 


Control signal pulse width (3/2-+4-N)T—70 
Delaytime, CONTtoALE signal (1/2)T—75 





Delay time, CLK to HLDA signal 
Bus disable time from HLDA 
Bus enable time from HLDA 
Control signal disable time 
Delay time, address output to control ADo~AD7 | 


Note 6 N indicates the total number of wait cycles 
T=te(cik) 
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Write Cycle 


CLK 
As~ Ais 
ADo~ AD7 


ALE 


READY 


Read Cycle 


CLK 


As™Ais 


READY 
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T; | To Twait T3 qh 
ADDRESS y 
[ast cet ce ae 
{ | ADDRESS Y | DATA OUT KD 
Fe ll td(oa—wa) 
5 ae rRGA 
\ td(wrHL—pa) 
faan~ ave] 





tdi aLe—GonT) — 
td(ap—CONT) 
tsu(RoY—aAD) ° thcrpy—cLk) 





es ‘eae 


td(conT—ALE) 
tsu(RDY— ALE) 





i 










T2 Twait T3 T) 
enone, | 
Fc =a) thioa—AD) [tDzX(RD— AD) 

mS 

{ _—s*| ADREss +4 DATA IN | J 

Pal Ti | Pea tsu(DA—ALe) 
d(Ap—ALe) 
Sl 


td(ace— 


td(av—CONT) 





i 


CONT) 


eee ay meal 


thi Roy—cLk) 


tsu(rDbyY—CLk) 
tsu(RDY—ALE) 


tsu(RDY—AD) 
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Hold Cycle 
T2 T3 THoLb THoLD Ty 
- td(ctk-HLDA) ed 
th( HLD—cLk) 
HLDA toxz(HLDA—BuUS) 
BUS (ADDRESS, CONTROLS) - 
Interrupt and Hold Cycle 
I on | nm | om fo mw | ot | te | tro | mm | t 


BUS HOLD 





in Lief |\__ 


tsu(iINT—CLK) thuintT—CLK) | 
INTA S| tpzx(HLDA— BUS) 


7 
HOLD Eby ri 
tsu(HLD—CLK) th(HLD—CLK) 


HLDA 








tpxz(HLDA— BUS) 


td(cLK—HLDA) 


Clock Output Timing Waveform 






X, INPUT 






td(x-CLK) 


twicLk) tf(cLK) 






tricik) 


CLOCK OUTPUT 
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TRAP INTERRUPT AND RIM INSTRUCTIONS 
TRAP generates interrupts regardless of the interrupt en- 
able filp-flop (INTE FF). The current state of the INTE FF is 
stored in flip flop A (A FF) of the CPU and then the INTE 
FF is reset. The first RIM instruction after the generation of 
a TRAP interrupt differs in function from the ordinary RIM 
instruction. That is, the bit 3 (INTE FF information) in the 
accumulator ((A)3) after the execution of the RIM instruc- 
tion contains the contents of the A FF, regardless of the 
state of the INTE FF at the time the RIM instruction is ex- 
ecuted. These details are shown in Figs.2 and 3, Table]. 


MEMORY 
ADDRESS 


TRAP 
INTERRUPT ——— 


(1) 


Fig. 2 TRAP interrupt processing 


Below are the explanations of Fig. 2. 

1. The TRAP interrupt request is issued while the instruc- 
tion in address a is being executed. 

2. The TRAP interrupt causes the same action as an RST 
instruction and then jumps to address 24}6. 

3. It returns to address a+1 after executing the RET in- 
struction. 

Table 1 shows the information in the INTE FF at address 
a+3 and a+4 when the instructions El and/or DI are ex- 
ecuted at addresses 4 —1 and a-+2. 

Fig. 4 is a flow chart of the TRAP interrupt processing 
routine. 


24161 CALL 


TRAP (x) 
INTERRUPT—= alADD D (y) 
REQUEST 2716) RET 





Fig. 4 TRAP interrupt processing routine 


Table 1 





\ 


TRAP interrupt and RIM instructions 


instruction in address a-1 


Instruction in address a+2 


Contents of (A)3 after the ex- 
ecution of the RIM instruction 
in address a+3 





State of INTE FF after the ex- 
ecution of the RIM tnstruction 
in address a+3 





Contents of (A)3 after the ex- 
ecution of the RIM instruction 
in address a+4 


State of INTE FF after the ex- 


ecution of the RIM tnstruction 
in address a+4 


Note 7 The contents of (A)3 after the excution of the RIM instruction 


is an information of the INTE FF The INTE FF assumes state 
1 when it ts in the El state, and 0 when it ts in the DI state 


(A)3—- 
INTE FF 


Fig.3 TRAP interrupt and INTE FF processing 


PUSH--1} SAVING REGISTER 


RIM 
PUSH | savine INTE FF 
PSW 


TRAP INTERRUPT 
PROCESSING PROGRAM 


INTE FF RETURN PROCESSING 


pop ---{} RETURNING REGISTER 
EI 
t--- RET 


\ 
\xbxa] pop----|} RETURNING REGISTER 
---4 RET 





MITSUBISHI 
ELECTRIC 


2> 17 


MITSUBISHI LSIs 


MSMS80C8SAP-2/FP-2/J-2 


CMOS 8-BIT PARALLEL MICROPROCESSOR 





DRIVING CIRCUIT OF X, AND X, INPUTS 

Input terminals, X; and X2 of the M5M80C85AP-2 can be 
driven by either a crystal or external clock. Since the driver 
clock frequency is divided to 1/2 internally, the input fre- 
quency required is twice the actual execution frequency 
(10MHz for the M5M80C85AP-2 which is operated at 5MHz) 


OSCILLATION FREQUENCY 
BELOW 10MHz PARALLEL 
RESONANT CRYSTAL 
OSCILLATOR IS USED 





Fig. 5 Connections when crystal is used for X, and 
Xo inputs 


Fig. 5 is a typical connection diagrams for a crystal respec- 
tively. 


External Clock Driver Circuit 
Vin 2 0. 8Voc 
HIGH TIME 2 40ns 
LOW TIME = 40ns 





M5M80C85AP-2 


open 


WAIT STATE GENERATOR 


Fig. 6 shows a typical 1-wait state generator for low speed 
RAM and ROM applications. 


M5M80C85AP-2 


CLK(OUT) READY 


M5M80C85AP-2 
2D 2CK 2Q 
1D M74LS74P 
IRD 1CK 1Q 


45 MSM80C85AP-2 


Fig. 6 1-wait state generator 





RELATION OF RIM AND SIM INSTRUCTIONS 
WITH THE ACCUMULATOR 
(SUPPLEMENTARY DESCRIPTION). 

The contents of the accumulator after the execution of a 
RIM instruction is shown in Fig. 7. 


SERIAL INPUT DATA (SID) 


STATE OF UNFULFILLED 
INTERRUPT REQUEST 


(7.5:STATE OF PENDING 
FLIP-FLOP 


19: 2}:STATE OF TERMINALS 
*°" RST 6.5 AND RST 5.5 


STATE OF INTERRUPT ENABLE 
FLAG ( 1 WHEN ENABLE) 


STATE OF INTERRUPT MASK 


etl WHEN THE MASK IS SET) 
iD fi 7.541 6.541 5.5] 1 {M7.9]M6.5]M5.5 ‘CONTENTS OF 
i De 2 1 0 


ACCUMULATOR 
2 





Fig.7 Relation of the SIM instruction RIM 
with the accumulator 


The contents of the accumulator after the execution of a 
SIM instruction is shown in Fig.8 . 


SERIAL OUTPUT DATA 


SOD SET ENABLE 
VALUE IN BIT 7 IS TRANS- 
FERRED TO SOD LATCH 
WHEN SSE IS _ 1 


-NOT USED 


-RST 7.5 PENDING RESET 
PENDING FLIP-FLOP OF 
RST 7.5 |S RESET WHEN 
R7.5 is 1 


MASK SET ENABLE 
ENABLES SET/RESET OF MASKS 
FOR BITS 0~2, WHEN MSEIS 1 


MASK SET/RESET OF RST7.5 


MASK SET/RESET OF RST6.5 
“MASK SET/RESET OF RST 5.5 
SET=1 INTERRUPT DISABLE 
RESET=0 INTERRUPT ENABLE 


soofsse} x Jar. sel. 5ve.s]M5.5| x SCUMULATOR 
TBS. 43 ; 





Fig. 8 Relation of the SIM instruction 
with the accumulator 
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DESCRIPTION 

The M5L8085AP is a family of single-chip 8-bit parallel cen- 
tral processing units (CPUs) developed using the N-channel 
silicon-gate ED-MOS process. It requires a single 5V power 
supply and has a basic clock rate of 3MHz. 


FEATURES 

@ Single 5V supply voltage 

@ TTL compatible 

@ Instruction cycle wieielle Sea Sew ee Sonste Misra dneiee eae owideererers 1. 3 us (min.) 
@ Clock generator (with an external crystal or RC circuit) 

@ Built-in system controller 

@ Four vectored interrupts (one of which is non-maskable) 
@® Serial |/O DORE 02s esvege tare asant natonashieniyeoieteate secs 1 each 
@ Decimal, binary, and double precision arithmetic opera- 


tions 
@ Direct Addressing capability to 64K bytes of memory 


APPLICATION 


Central processing unit for a microcomputer 


FUNCTION 

Under the multiplexed data bus concept adopted, the high- 
order 8 bits of the address are used only as an adress bus 
and the low-order 8 bits are used as an address/data bus. 
During the first clock cycle of an instruction cycle, the 
address is transferred. The low-order 8 bits of the address 
are stored in the external latch by the address latch enable 
(ALE) signal. During the second and third clock cycles, the 
address/data bus functions as the data bus, transferring the 
data to memory or to the |/O. For bus control, the device 
provides RD, WR, and IO/M signals and an interrupt ack- 
nowledge signal (INTA). The HOLD, READY and all inter- 


BLOCK DIAGRAM 


AD 


AD; 


CLOCK 
GENERATOR 


8-BIT INTERNAL DATA BUS 
ee eos ae 


SEPICY mae 


FLAG FLIP-FLOP : 
8-BIT PARALLEL 
ARITHMETIC 

LOGIC UNIT 


4 7 
INTERRUPT CONTROL # SERIAL INEUT/OUTEUT 


mn ponepeyreerey! 


INTA RST RST SOD HLDA READY S, 
§.5 7.9 


INTR RST TRAP SID HOLD So IO/M WR 
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6 
ADs 


- ——— —§ MIPHDHD HOV. 19) 11) 
PEE ELE Ef 


DATA BUS BUFFER/LATCH 


PIN CONFIGURATION (TOP VIEW) 


Voc (5V) 
+— HOLD HOLD INPUT 
—+ in BekBowneoce 
—- ok SiRER PULSE 
BB eserv NEST 
+— READY eae 
— o/h ER 
= 5 SR 
— Ro Beta gonTroL 
— WR WRITE, CONTROL 


_. a) CADDRESS LATCH 
ALE ENABLE OUTPUT 


CLOCK PULSE 
INPUTS 


Xf 
RESET OUTPUT 
RESET OUT — 
SERIAL 7 
OUTPUT DATA SOD 14) 


SE IAL 3 
INPUT CE TA SID 
TRAP INTER- da 
RUPT INPUT TRAP —L6. 


dVS808 1SW 


Outline 40P4 





rupt signals are synchronized with the clock pulse. For sim- 
ple serial data transfer it provides both a serial input data 
(SID) line and a serial output data (SOD) line. It also has 
three maskable restart interrupts and one non-maskable trap 
interrupt. 


AD AD ADo 


2 
AD, Vcc Vss 


ee 


8 


4 
AD3 


i 


TEMPORARY 

FEA @[measreny 6) 
STACK POINTER (16) 

PROGRAM COUNTER (16) 


SB EMENT/D av ADDF 


NSTRUCTION 
REGISTER(8) 


bees! 
Oz 
= 


wn 


E 


aL 
—s 
co 
~~ mH 
peas ees 


oro 
P< 
co F CO 
~ 
~ 


REGISTER SELECT 


Fey" 


ALE 


RESET OUT 
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PIN DESCRIPTIONS 


Pin Name 


Xi, X2 


Clock input 












RESET OUT Reset output 









Serial output data 


Serial input data 







Trap interrupt 
Restart interrupt 


request 


Interrupt 
request signal 





Interrupt acknowledge 
control signal 


Bidirectional address 
and data bus 


— 


Address latch enable 


Write control 









RD Read control 





Data transfer 


1O/M 

control output 
READY Ready input 
RESET IN Reset input 


Clock output 





Hold 
acknowledge signal 


Hold 
request signal 





Note 












































Input or 
Functions 
output 
ie These pins are used to connect an external crystal or RC circuit to the internal clock generator 


An external clock pulse can also be input through X; 

This stgnal indicates that the CPU Is In the reset mode It can be used as a system RESET The sig- 
nal is synchronised to the processor clock 

This ts an output datd line for serial data The output SOD may be set or reset by means of the SIM 
instruction It returns to high-level after the RESET 

This Is an input data line for serial data, and the data on this line is moved to the 7th bit of the accu- 
mulator whenever a RIM instruction is executed. 
A non-maskable restart which is recognized at the same time as an INTR itt is not affected by any 
mask or another interrupt /t has the highest interrupt priority 
Input timing 1s the same as for INTR for these three signals They all cause an automatic insertion of 
an internal RESTART RST 7.5 has the highest priority while RST 5.5 has the lowest All three sig- 
nals have a higher priority than INTR 






























This signal is for a general purpose interrupt and is sampled only during the last clock cycle of the 
instruction When an interrupt is acknowledged, the program counter (PC) 1s held and an INTA sig- 
nal is generated During this cycle, a RESTART or CALL can be inserted to jump to an interrupt ser- 
vice routine The interrupt request may be enable and disable by means of software But it Is dis- 
able by the RESET and immeadiately after an accepted interrupt 







Out This signal is used instead of RD during the instruction cycle after an INTR Is accepted 
The low-order (I/O address) appears during the first clock cycle During the second and third clock 
in/out | cycles, it becomes the data bus It remains in the high-impedance state during the HOLD and HALT 


modes 

Output the high-order 8 bits of the memory address or the 8 bits of the {/O address 
It remains in the high-impedance state during the HOLD and HALT modes 
Indicates the status of the bus 





S$: So 
HALT 0 0 
Out WRITE 0 | 
READ, DAD bog 
FETCH 1 1 
The S; signal can be used as an advanced R/W status 
This signal is generated during the first clock cycle, to enable the address to be latched into the latches of 
Out peripherals The falling edge of ALE 1s guaranteed to latch the address information The ALE can also be 
used to strobe the status information, but it is kept in the low-level state during bus idle machine cycles. 
Out Indicates that the data on the data bus Is to be written into the selected memory at the falling edge 


of the signal WR It remains the high-impedance state during the HOLD and HALT modes 

Indicates that the selected memory or |/O address !ts to be read and that the data bus ts active for 
data transfer It remains in the high-impedance state during the HOLD and HALT modes 
This signal indicates whether the read/write is to memory or to I/Os 

It remains tn the high-ipedance state during the HOLD and HALT modes 
When it ts at high-level during a read or write cycle, the READY indicates that the memory or 
In peripheral !s ready to send or receive date When the signal Is at low-level, the CPU will wait for the 
signal to turn high-level before completing the read or write cycle 

This signal (at least three clock cycles are necessary) sets the program counter to zero and resets 
In the interrupt enable and HLDA flip-flops None of the other flags or registers (except the instruction 
register) are affected The CPU ts held in the reset mode as long as the signal is applied 

By this signal the processor acknowledges the HOLD request signal and indicates that it will relin- 
quish the buses In the next clock cycle The signal is returned to the low-level state after the HOLD 
request is completed The processor resumes the use of the buses one half clock cycle after the 
signal HLDA gose low-level 










When the CPU receives a HOLD request It relinquishes the use of the buses as soon as the current 
machine cycle is completed The CPU can regain the use of buses only after the HOLD state is re- 
moved Upon acknowledging the HOLD signal, the address bus, the data bus, RD, WR and 10/M 
lines are put in the high-impedance state 





HOLD, READY and all interrupt signals are synchronous with clock signal 
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STATUS INFORMATION 

Status information can be obtained directly from the 
M5L8085AP. ALE is used as a status strobe. As the status is 
partially encoded, it informs the user in advance what type 
of bus transfer is being performed. The IO/M cycle status 
signal is also obtained directly. Decoded Sp and S; signals 


carry: S, Sp 
HALT 0 0 
WRITE 0 1 
t f 
READ 1 Ogi aaears 
FETCH 1 1 \DAD instruction 


S; can be used in determining the R/W status of all bus 
transfers. 

In the M5L8085AP the low-order 8 bits of the address are 
multiplexed with data. When entering the low-order of the 
address into memory or peripheral latch circuits, the ALE is 
used as a strobe. 


INTERRUPT AND SERIAL 1/O 

The M5L8085AP has five interrupt inputs—INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. The three RST inputs, 5.5, 6.5, 
7.5, are provided with programmable masks. TRAP has the 
same function as the restart interrupt, except that it is non- 
maskable. 

When an interrupt is enabled and the corresponding inter- 
rupt mask is not set, the three RST interrupts will cause the 
internal execution of the RST. When non-maskable TRAP is 
applied, it causes the internal execution of an RST regard- 
less of the state of the interrupt enable or masks. The restart 
addresses (hexadecimal) of the interrupts are: 


Interrupt Adress 
TRAP 2416 
RST 5.5 2Ci6 
RST 6.5 3416 
RST 7.5 3Ci¢ 


Two different types of signal are used for restart interrupts. 
Both RST 5.5 and RST 6.5 are sensitive to high-level as in 
INTR, and are acknowledged in the same timing as INTR. 
RST 7.5 is sensitive to rising-edge, and existence of a pulse 
sets the RST 7.5 interrupt request. This condition will be 
maintained until the request is fulfilled or reset by a SIM or 


Phere 


ee 5 oe ee op eee 


(PC. +1)4 HIGH-ORDER ADDRESS 
(PC-+1). —{Kronnon) +X Ca ae 
ae oa 


) 
INSTRUCTION FETCH 
(OUT) 


RESET instruction. 

Each of the restart interrupts may be masked independently 
to avoid interrupting the CPU. An interrupt requested by an 
RST 7.5 will be stored even when its mask is set and the in- 
terrupt is disabled. Masks can be changed in a SIM instruc- 
tion or the RESET. When two enabled interrupts are re- 
quested at the same time, the interrupt with the highest 
priority will be accepted. The TRAP has the highest priority 
followed in order by RST 7.5, RST 6.5, RST 5.5 and INTR. 
This priority system dose not take into consideration the 
priority of an interrupt routine that is already started. In other 
words, when an RST 5.5 interrupt is reenabled before the 
termination of the RST 7.5 interrupt routine, it will interrupt 
the RST 7. 5. 

The TRAP interrupt is very useful in preventing disastrous 
errors and bus errors resulting from power failures. The 
TRAP input is recognized in the same manner as any other 
interrupt, but it has the highest priority, and is not affected 
by any flags or masks. The TRAP input can be sensed by 
both edge and level. TRAP should be maintained high-level 
until it is acknowledged. But, it will not be acknowledged 
again unless it turns low-level and high-level again. In this 
manner, faulty operation due to noise or logic glitches is 
prevented. , 
The selial |/O system is also considered to be an interrupt 
as it is controlled by instructions RIM and SIM. The SID is 
read by instruction RIM and the SOD data is set by instruc- 
tion SIM. 


BASIC TIMING 

The M5dL8085AP is provided with a multiplexed data bus. 
The ALE is utilized as a strobe with which the low-order 8 
bits of the address on the data bus are sampled. Fig.1 shows 
the basic cycle in which an out instruction is fetched, and 
memory is read and written to the I/O port. The I/O port 
address is stored in both the address bus and the address/ 
data bus during the I/O write and read cycle. To enable the 
M5L8085AP to be used with a slow memory, the READY line 
is used for extending the read and write pulse width. 


anaes 


SEC 


Se 


re So= ST CRETOM) 





Fig. 1 Basic a 
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No of bytes 
No of cycles 













Data transfer 


Functions 


(C) — <B2> 
(B) + <Ba> 


(E) — <Ba> 
(0) — <B> 


(L) — <Ba> 
(H) — <B3> 


(SP) +m 


SP) —(H) (L) 


m = <B3> <Ba> 


m = <B3> <B> 


m = <B3> <Ba> 





((B) (C)) (A) 
((D) (E) ) (A) 


(A) + ((B) (C)) 
(A) = ((D) (E)) 





halls 00 
snd 





















(H) (L) —(H) (L) + (B) (C) 






























Arithmetic logical compare 








nN 
(: rs 


nN 
Yooo 
















~ 








o Flo 


Register 
increment/decrement 














Ooaawsmioadoo0go0gd 
AMAHAMANHD ANH 


ay ee ens ee ee ee ey 


O]O N ~ O10 N = OC] 











Left shift Cy 














-_ 





° 


contents of 
accumulator 


un Left shift 








Rotate & shift 





Accumu 00 2 
compe AA 00 2 





(m) + (A) 


(m) —(L) 
(m+1)«(H) 






(L) = (m) 
(H) = (m+ 1) 


H ; Pita (Ly (CD) (BE) 


te (H) (L) «*( (SP) + 1)( (SP)) 








(A ee ey 
(A) + (A) tn 


(A) + (A) +(r) + (CY2) 
(A) + (A) +(M) + (CY2) 
(A)—(A)+ n+ (CY2) 


(H) (L) — (H) (L) + (0) (E) 
(H) (L) + (H) (L) + (H) (L) 
L) = (H) (L) + (SP) 
(A) +-(A) (r) 
(A) +(A) (M) 
(A)+(A) on 





(A) — (A) -(r) — (CY2) 
(A) +-(A) (M) (CyY2) 
(A)+-(A)- nn (CY2) 











(A) « (A) ACr) 
(A) + (A) A(M) 
(A) + (A) A 1 


(A)<« (A) ¥(r) 
(A) + (A) ¥(M) 
(A)<+ (A) n 


(A) (A) \ (r) 
(A) (A) \ (M) 
(A)—(A)\ 1 





(A) — (r) | 
(A) ~ (M) Compare, Where M 
(A) n 


(r)—(r) +1 
(M) —(M) +1 


(Ooo a ea) 


(M)—(M)—1 
(B)(C)+ (B)(C)+1 
(D)(E)+-(D)(E)+ 1 
(H)(L)* (H)(L) +4 

(SP)+ (SP) +1 
(B)(C)+—(B)(C) 1 
(D)(E)+ (D)(E) 1 
(H)(L)+-(H)(L) 1 
(SP) (SP) 1 








Where M 


Where M 


Where. M 


Where M 


Where mM 


Where M 


Where, 


Where Mm 
Where, M 



















(H) (CL 

































Right shift Cre Eel 





ArAal—> 








veL_}—{aras 








A1A0 a 











Right shift Cyz — 


At Aot—> 





CY2)<« 








Carry sett Se o 
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(CY2) + (OY 
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Mach 
S Z P CY2CyY1}| Contents tee [Contents|1/0 cycle"* 


x 
x 
x 
x 





x< 
x< 


eee a 

(B) (C) (A) 
ee 1K 
B)(C ((B) (C)) 
(OD) (E) ((0) (E)) 

i il ed ed 


=: 
LK K LK XK 
MK KK OK LK 
oe 
KK KK KX 








(m) 
(m+ 1) 
en eee 
a ((SP)) 
(SP) +1) 
-(H) (L) 


(H) (L) 






(H) (L) 





(H) (L) 


(H) (L) 


M =(H) (L) 


(H) (L) 


(H) (L.) 
(H) (L 


Xx XK X X X 
eat 


(mM) 
<Ba> 


(M) 
<Ba> 







OOO} OOO 
OOO} OOO 
O00] OOO 
OOO} ODOOVMVOO| OOO} OOO 


OOO] OOO}x x x x 




















ooo 
~ 


Hi 
STE 

See (H) 
a 





! 








xx x x xpx x x OOOO] OOO} OOO} OOO] OOO} OOO}! OOO} x x x 
x|>x x x xx x x x}IOO.;00} OOO] OOO! OOO] OOO; OOO} OOO}K x x x 


xx x x x|x x x X1IOOIOO] OOO] OOO! OOO] OOO} OOO}! OOO} x x x 


CHK KK KLIK OK OK OK K OK OK OK 
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Address bus 





vo] Mach 
S$ z Pp creer: [Contents| Contents| « Contents |I/0 vo] Mach 


X X X X X <B2> 
<B3> 
x 
: 


(cyz) = 0 | If condition is true If condition is true 
(PC)+—m 


Instruction code 


Mnemonic 16m 
al 
D706 Os0403 D201D0 notatn 


Functicns 


No of states 
No of bytes 
No. of cycles 


(2Z)-1 





















































































Qa 
E 
3 
If condition is false 
(PC)+ (PC)+ 3 
((SP)- 1) C(SP)—2)—(PC) +3 (PC)—m <Ba2> 
“= = <B> 
(SP) + (SP)-2 Ma: ear 
Ms (PC)+3 
((SP)~-1) ((SP)--2)<-(PC) +1 (PC)—nx8, Ma (PC) +14 
(SP) «- (SP)-—2 Where 0snS7 
lf condition is true 
8 ((SP) 1) ((SP) -2)—(PC) + 3 Me 
o M3 
c (PC)—m Ma 
2 
= (SP)+ (SP) 2 Ms 
=) 
” 
If condition is false 
(PC)+-(PC)+ 3 
Gal 
(SP)+1 Ms {( (SP) +1) 
bd dle =1 | If condition 1s true xX X X X X 1) If condition is true 
c 0 00 1 =0 Xx X X X X 
5 te) cs | =1 | (PC)—( (SP) +1) ( (SP) ) x x x xX X IICSP) ((SP)) 
® te) co 1 =0 | (SP)—(SP) +2 x xX xX xX xX {I(SP)+1 ( 
= re) FO 1 =0 KOO OE ROK 
fe] F 8 ] =1 If condition is false X X X X X 
fe) E8 1 =1 | (PC)<—(PC) +1 X X XxX X X 
(0) EO 1 =0 XX xX xX XxX 
Input/ se) DB 2 (Input buffer) <— (Input device of number n) xXx x xX X X Ma 
output (Input data) (input data) MS 
acatrol {e) D3 (Output device of number n) < (A) <Ba2> Ma 
<B2> <B2> A M 
Interrupt | 11 #41711 O11 (INTE)<—1 xX xX xX X ae FE 
mgt Tene eal 
: : 11 #1410 #7401 (SP)—1) —(A) ((SP)~ 2) —(F xX xX X X O 
(SP) -—(SP)-2 O 
((SP)—-1)+-—(B) ((SP)—-2)+<—(C) Xx X X X X Oo 
(SP) -—(SP)-2 oO 
= ((SP)—1) —(D), ((SP)-2) —(E) Xx X X X X O 
9 (SP) <(SP)-2 Oo 
€ ((SP)-1)—(H) ((SP)—2)—(L) oO 
S) (SP) «(SP)-—2 0 
x (F) +((SP)),(A)—((SP)+1) 
® (SP) —(SP)+2 ((SP) +1) 
7) (C) +—((SP)).(B)—((SP) +1) xX xX xX X X ((SP) ) 
(SP) <«(SP)+2 
(E) +((SP)) (D)—((SP)+1) Xx X X X X 
(SP) +(SP)+2 
-—((SP)) (H)—((SP) +1) 






HLT 


(PC) +(PC)+1 


(PC) « (PC) +1 
All RST interrupt masks, any pending RST interrupt 
requests, and the serial input data from the SID pin 
are read into the accumlator : 

Mask is enabled (or disabled) to the RST interrupt 
corresponding to the contents (bit pattern) of the 
accumulator The sertal output 1s enabled and the 
serial Output bit 1s loaded into the SOD latch 

















Mask set 
instructions 


* State is T1, *x% State IS T2, 
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MACHINE INSTRUCTIONS SYMBOL MEANING 


Data ts transferred in direction shown _ 1s transferred in direction shown 
Bit pattern 
designating 
<B2> Second byte of instruction, register or 
<B3> Third byte of instruction Sss memory 
ODD 


Contents “Contents of register or memoy location register or memoy location 
F 8-bit data from the most to the least significant 
bit S, Z, X, CY1, 0, P, X, CY2 (X 1s indefinite ) 
PC Program counter 
SP Stack pointer 
















sss 
or 
DODD 


5 
Vv 
= 
es, x 
3 
ea eee 


Inclusive OR 
Exclusive OR 
Logical AND 
1s complement 











Content of flag 1s not changed after execution 
Content of flag 1s set or reset after execution 


D 
00 
00 
01 
01 
10 
10 
11 
11 


—-o~-OoO-070 


Where 
M=(H) (L) 


Input mode 





Output mode 
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INSTRUCTION CODE LIST 



















































a 0000 0001 | 0010 | 0011 10 | 0101 pono | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111 
Hex- 
adecimal 1 2 3 5 7 A C E F 
notation 
MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA 
0000 (—) SIM RNZ | RNC | RPO | RP 
B,B|D,B/|H,B!|M,B B B B B 
me LxXt | LXE Ok MOV | MOV | MOV | MOV | ADD | SUB | ANA | ORA | POP | POP | POP | POP 
oB. o- 2 B,C |D,C|H,C|IM,C] C Cc Cc C B D H PSW 
STAX | STAX MOV | MOV | MOV | MOV | ADD |! SUB | ANA | ORA 
0010 2 JINZ 
B D B,D |D,D|H,D|M,D D D D D 
INX | INX MOV |} MOV | MOV! MOV]! ADD | SUB! ANA | ORA| . 
0011 3 JMP 
B D B,E|D,E|H,E|M,E E E E E 
INR | INR | MOV | MOV | MOV) MOV] ADD | SUB | ANA | ORA , 
CNZ | CNG | CPO. OP 
H M B,H|D,H|H,H|M,H H H H H 
si6) : DCR | DCR | DCR | DCR | MOV | MOV} MOV | MOV] ADD |! SUB |! ANA | ORA |PUSH/}PUSH|PUSH| PUSH 
B D H M BL | D,L|HLIML L L L L B D H PSW 
MOV | MOV | MOV ADD | SUB | ANA | ORA 
0110 HLT 
B,M/}D,M|/H,M M M M M 
MOV | MOV | MOV! MOV | ADD | SUB | ANA | ORA | RST | RST | RST | RST 
0111 7 RLC | RAL | DAA! STC 
B,A|D,A|H,A|M,A A A A A 0 2 4 6 
MOV | MOV! MOV | MOV] ADC | SBB | XRA | CMP 
1000 CS an Ge: || Ge RZ RC | RPE 
Cc,B!|E,B!LB/ A,B B B B B 
MOV | MOV | MOV | MOv CMP 
RET | (—) | PCHL| SPHL 
C,C|E,C;LC|A,C Cc 
MOV | MOV | MOV | MOV CMP 
1010 A JZ JC JPE JM 
C,D/E,D/ILD/A,D D 
sii MOV | MOV |! MOV | MOV CMP 
C,E!|E,E|LE/|AE E E E E 
GG a MOV | MOV | MOV | MOV] ADC | SBB | XRA | CMP 
C,H|E,H!|L,H! AH H H H H 
Mov | MOV | MOV | MOV | ADC |:\SBB | XRA | CMP 
C,L| ELI LLI AL L L L L 
a6 MOv | MOV | MOV | MOV | ADC | SBB | XRA | CMP 
C,M|£&,M!|L,M|A,M M M M M 
MOV | MOV | MOV! MOV | ADC | SBB | XRA | CMP | RST | RST | RST | RST 
1111 F RRC | RAR | CMA | CMC 
C,A| E,A]|LAIA,A A. A A A 1 3 5 7 








This list shows the machine codes and corresponding 
machine instruction. D3~ Do indicate the low-order 4 bits of 
the machine code and D7~D, indicate the high-order 4 bits. 
Hexadecimal numbers are also used to indicate this code. 


The instruction may consists of 1 
the first byte is listed. 
bowed 


, 2, or 3 bytes, but only 


instruction. 
instruction. 


indicates a 3 -byte 
indicates a 2 -byte 
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ABSOLUTE MAXIMUM RATINGS 


7 With respect to Vss 























RECOMMENDED OPERATING CONDITIONS (Ta=—20~75C, unless otherwise noted) 


Supply voltage (GND) 


High-level input voltage (Except for X;, Xz) 





Vin 
Vie Low-level input voltage 

RESIN) | High-level reset input voltage 

ESIN) 


(RESIN Low-level reset input voltage 


Xi, X2 High-level voltage 
High-level output voltage 








Note 1 The input RESET IN is pulled up to Vcc with the resistor 3kQ (typ) when V\2 Vin(REsin) 
2 Maximum loc is 170mA at Ta = 0~70°C 


~ TIMING REQUIREMENTS (Ta=—20~75C, Voc=5V+5%, Vss=OV, unless otherwise noted) 


soles a 














Paramater Test conditions 





320 


DA input setup time —575 
DA input setup time — 300 
DA input hold time 
READY input setup time —220 
READY input setup time tco(cLk) = 320ns 
READY input hold time C,=150pF — ae 

HOLD input setup time 170 P| ins 
HLD input hold time = ian ae re ae 
of | | is 
of me 
“ol re 


2000 





=) 
” 









=) 
7) 


—110 
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SWITCHING CHARACTERISTICS $(1,=—20~75T, Voc=5V+5%, Vss=0V, unless otherwise noted) 


Symbol Parameter Test conditions Unit 


T 
CLK output low-level pulse width 

CLK output high-level puls width 
CLK output rise time 

CLK output fall time 

Delay time, X; to CLK 

Delay time, X; to CLK 


Delay time, address output to ALE signal 


Delay time, ALE signal to address output 
ALE pulse width 

Delay time, ALE to CLK 

Delay time, ALE to control signal 








< 
xo) 








120 





30 





Ww 
io) 





120 
150 








ADo~AD7 
As~ Ais 1 15 


100 






























Address disable time from read te(cik) = 320ns 
Address enable time from read C_=150pF 150 





Wl Ww 


ab 
Ww 


Address valid time after control signal 
Delay time, data output to WR signal 
Delay time, WR signal to data output 
Control signal pulse width 

Delay time, CLK to ALE signal 

Delay time, CLK to HLDA signal 

Bus disable time from HLDA 

Control signal disable time 

Control signal disable time 


td(ap—TONT 


td(ALE-Da) 
td(wrHt—pba) 


Note 3: at Ag~Ajs, and |O/M td(ap—Cont) after the release of the high-impedance state is 200ns 
twiciK), twictk) are 100ns(Min), 150ns(Min) respectively when 50pF+1TTL loaded 


120 





BAS 
N 
io) 





100 







110 





210 
210 





(oo) 








400 
240 
270 















nei 


Ag~™ Ais 







200 








5 : A.C Testing waveform 
Input pulse level 0. 45~2. 4V 24 24 
‘Input pulse rise time 20ns : .2 2.2 : 2. 0 2.0 
Input pulse fall time 20ns 0. 45 0.8 0.8 0, 45 0.8 0.8 
Reference level input Vin=2. 2V, Vi_=0. 8V . : 
output Von=2. OV, Vo_=0. 8V Input Output 
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Parameters described in the timing requirements and 
switching characteristics take relevant values in accordance 


with the relational expression shown in the following tables 
when the frequency is varied. 


Relational Expression with the frequency T (tgcik) in the M5L8085AP 
TIMMING REQUIREMENTS (Ta=—20~75C, Vec=5V+5%, Vss=OV, unless otherwise noted) 





Parameter 
DA input setup time 

DA input setup time 

READY input setup time 

DA input setup time 











Test conditions 
Ps 62tNT [Min 
ae Grart | in 

Min 


180—2T 


SWITCHING CHARACTERISTICS (1a=—20~75C, Voc=5V+5%, Vss=OV, unless otherwise notes) 


Symbol Palameter 
CLK output low-level pulse width 
CLK output high-level pulse width 


ADo~AD7 
td(apD-ALE) Delay time, address output to ALE signal 
As~ Ais 


Delay time, ALE signal to address output 
ALE pulse width 

Delay time, ALE to CLK 

Delay time, ALE to control signal 
Address enable time from read 
Address valid time after control signal 
Delay time, data output to WR signal 
Delay time WR signal to data output 
Control signal pulse width 

Delay time, CONT to ALE signal 
Delay time, CLK to HLDA signal 

Bus disable time from HLDA 

Bus enable time from HLDA 

Control signal disable time 


Delay time, address output to control ADo~AD7 
td(ab-CONT) 
signal As~™ Ais 


Note 6 iN indicates the total number of wait cycles 
T=to(cik) 





(1/2)T—60 


Min 
cs 
Min 
Cavayt=2 | wn 
(1/2) T—60 / Min | 
Tavayt=30 | win 
Cari [min 
7 
Ceaewr=w | Min 
“eye Min 
Meaewr-e [mn 
0 a 
Min 

| Max | 





“ery | Min 


T—50 
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TIMING DIAGRAM 


Write Cycle 


CLK 


As~Ats 


ADo~ AD, 


ALE 


READY 


Read Cycle 


CLK 


As~ Ais 


ADo~AD7 


READY 


T) Twat T3 Ti 


Te: Soe 


td(cont—Ab) 


td(ALe—cLk) 


ADDRESS 


tdiace— co 


ADDRESS , a 


twiALe) td(aLe—ap) 


‘i 


DATA OUT 


td(pa—WAr) 






td(wR—pa) 


td(coNT—ALE) 









td(wRHL—pa) 


‘ 
td(ap—ALe) 
aco] ORO CRE 
te aes 
td(av—CONT) 
tsu(rpy—ab) th(rpy—cLk) 





tw(GOnT) 








| T) | T2 Twalt T3 | Ti 


td(ace—ctk) td(contT—Ap) 


na Saar 
Cfrooness eae 


Su(DA—AD) th(oa—AD) (tozx(RD—AD) 

= 
ame: rama > WDXeren [}— 
Tae 00) | ee oa tsu(DA—ALE) d(CONT—ALE) 


— 





d(ap— 2 ae i 'su(oa—RD) 
tw(GonT) 
—— a CONT) se 
d(AD—CONT) 
tsu(RDyY—AD) th(rpy—cLk) 
ee os 
tsuiRDY—ALE) 


READY must remain stable during setup and hold times 
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Hold Cycle 


T2 THoLD THoLp Ti 
td(cLk-HLDA) | a 
toxz(HLDA—BUS) 


BUS (ADDRESS, CONTROLS) 4 






|| k— 
HLDA 





Interrupt and Hold Cycle 


| Ty T3 | T4 | Ts | Ts | THoLo | T) | T2 


ee a anes: Seen 


ADo~7 


CALL INST => Coy 
aan FLOATING* 
ALE 


RD 
INTR wtf 7 
ve Ly ——_ CLK) i 
INTA tozx(HLDA— BUS) 


HOLD {// oo | 
tsu(HLD—CLK) thine CLK) 


HLDA 







toxz(HLDA— BUS) 


td(cLk—HLDA) 


*10/M 1s floating during this time 


~ Clock Output Timing Waveform 


X, INPUT 










ta(x1-GLK) 


twicLk) tf(cLK) 






tr(cik) 


CLOCK OUTPUT 
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TRAP INTERRUPT AND RIM INSTRUCTIONS Table 1 TRAP interrupt and RIM instructions 
TRAP generates interrupts regardless of the interrupt enable 
filp-flop (INTE FF). The current state of the INTE FF is 
Stored in flip flop A (A FF) of the CPU and then the INTE FF 
is reset. The first RIM instruction after the generation of a 
TRAP interrupt differs in function from the ordinary RIM in- Salata ty Fouche a 
struction. That is, the bit 3 (INTE FF information) in the accu- (2¢ess 2*8 

mulator ((A) 3) after the execution of the RIM instruction | oetoc ot tne Rim neructone an 
contains the contents of the A FF, regardless of the state of [2¢%ess. 23 

the INTE FF at the time the RIM instruction is executed. Se ie Rina 


ecution of the RIM instruction in 


These details are shown in Figs.2 and 3, Table 1. acres eet 


State of INTE FF after the ex- 
ecution of the RIM instruction in 
address a+4 


Instruction in address a+2 





Note 7° The contents of (A)3 after the excution of the RIM instruction Is 
MEMORY an information of the INTE FF The INTE FF assumes state 1 
ADDRESS when it is in the El state, and 0 when it Is tn the DI state 


16 


TRAP 
INTERRUPT ——~— 


(1) 





Fig. 2 TRAP interrupt processing 


Below are the explanations of Fig. 2. 
1. The TRAP interrupt request is issued while the instruc- 
tion in address a is being executed. 
2. The TRAP interrupt causes the same action as an RST 
instruction and then jumps to address 2416. 
3. It returns to address a+1 after executing the RET in- 
struction. (Aya 
Table 1 shows the information in the INTE FF at address INTE FF 
a-+3 and a-+4 when the instructions El and/or DI are ex- 
ecuted at addresses @—1 and a-+2. 
Fig. 4 is a flow chart of the TRAP interrupt processing 
routine. 





Fig.3 TRAP interrupt and INTE FF processing 


yx |PUSH--|} SAVING REGISTER 


RIM 
PUSH | savine INTE FF 


24161 CALL 
TRAP (x) TRAP INTERRUPT 
INTERRUPT—~— alADD D (y) PROCESSING PROGRAM 
REQUEST 2716) RET 


INTE FF RETURN PROCESSING 


(xb) 
Pop ---- } RETURNING REGISTER 
\ EI 
\---4 RET 
\xbxa] pop ----]} RETURNING REGISTER 
L--4 RET 





Fig. 4 TRAP interrupt processing routine 
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PULL-UP OF THE RESET IN INPUT 

In order to increase the noise margin, the RESET IN input 
terminal is pulled up by about 3k (typ) when the condition 
Vi= Vin (Resin) iS satisfied. Fig. 5 is a connection diagram of 
the RESET IN input, and Fig. 6 shows the relation between 
input voltage and input current. | 


f 


INSIDE CPU 
Voc 


RESET IN 








Fig. 5 Connections of RESET IN input 


INPUT CURRENT 


Vin 
INPUT VOLTAGE 





Fig. 6 RESET IN input current vs input voltage 


DRIVING CIRCUIT OF X, AND X, INPUTS 
Input terminals, X; and X2 of the M5L8085AP can be driven 
by either a crystal, RC network, or external clock. Since the 
driver clock frequency is divided to 1/2 internally, the input 
frequency required is twice the actual execution frequency 
(6MHz for the M5L8085AP which is operated at 3MHz). Fig. 
7 are typical connection diagram for a crystal circuit respec- 
tively. 





OSCILLATION FREQUENCY 1~6MHz PARALLEL 
RESONANT CRYSTAL OSCILLATOR IS USED 





Fig. 7 Connections when crystal is used for 
X, and X2 inputs 


Conditions for Using a Quartz Crystal Element 

1. Quartz Crystal Specifications 

@® Parallel resonance 

@ The frequency is 2 times the operation frequency (2 ~ 
6. 25MHz) 

@ Internal load capacitance: Approx. 16pF 

@ Parallel capacitance: Below 7pF 

@ Equivalent resistance: Below 75 (for operation above 
4MHz) 

@ For operation in the range 2 ~ 4MHz, the resistance 
showld be made as small as possible. 

@ Drive capability: Above 5mW (the power at which the 
crystal will be destoryed) 


2. External Circuitry 





M5L8085AP 







Cis Writing capacitance of pin Xx; 
Czsg Writing capacitance of pin X2 
Cis External capacitance at pin X; 
a2. External capacitance at pin Xz 


C 
fe - 
Car = Cos Ci=Ci.tCis 
1 | Co=Ca,+Cog 





i 


@ For operation above 4MHz: 


C,;=C2=10pF 
@ For operation below 4MHz: 
C,;=C2=15pF 


External Clock Driver Circuit 


+-5V LOW TIME>60ns 






X\ 






M5L8085AP 


Pullup resistors are required to assure that 
the high level voltage of the input is at least 
4V 
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WAIT STATE GENERATOR 


Fig. 8 shows a typical 1-wait state generator for low speed 
RAM and ROM applications. 


M5L8085AP 


CLK(OUT) BEADY 


M5L8085AP 


2D 208K §=620Q 


1D M74LS74P 
1RD 1CK _1Q 


4+5y MSL8085AP 





Fig. 8 1-wait state generator 


Relation of Rim and Sim Instructions With 

The Accumulator 

(Supplementary Description). 

The contents of the accumulator after the execution of a RIM 
instruction is shown in Fig. 9. 





The contents of the accumulator after the execution of a 
SIM instruction is shown in Fig.10. 








“SERIAL OUTPUT DATA 


SOD SET ENABLE 
VALUE IN BIT 7 IS TRANS- 
FERRED TO SOD LATCH 

WHEN SSE IS 1 


-NOT USED 













-RST 7.5 PENDING RESET 
PENDING FLIP-FLOP OF 
RST 7.5 1S RESET WHEN 
R7.5 is 1 


MASK SET ENABLE 
ENABLES SET/RESET OF MASKS 
FOR BITS 0~2, WHEN MSE!S 1 


"MASK SET/RESET OF RST7.5 
MASK SET/RESET OF RST6.5 
"MASK SET/RESET OF RST 5.5 
SET=1 INTERRUPT DISABLE 
RESET=0 INTERRUPT ENABLE 


CONTENTS OF 
ACCUMULATOR 


















sole « Fo ustpnsheps 
2 (6-8 Ae 29 





Fig. 10 Relation of the SIM instruction 
SERIAL INPUT DATA (SID) with the accumulator 
STATE OF UNFULFILLED 
INTERRUPT REQUEST 
17.5;'STATE OF PENDING 
FLIP-FLOP 
I6.3}:STATE OF TERMINALS 
‘> RST 6.5 AND RST 5.5 
STATE OF INTERRUPT ENABLE 
FLAG ( 1 WHEN ENABLE) 
STATE OF INTERRUPT MASK 
| ( 1 WHEN THE MASK IS SET) 
S OF 
CONTENT 
si0 ft 7.9f16.5]15.9) IE [M79ME5)M55|  RCCUMULATOR 
6 5 4 3 2 1 0 
Fig. 9 Relation of the instruction RIM 
with the accumulator 
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DESCRIPTION 

The M5L8212P is an input/output port consisting of an 8-bit 
latch with 3-state output buffers along with control and de- 
vice selection logic. Also a service request flip-flop for the 
generation and control of interrupts to a microprocessor Is 
included. 


FEATURES 

Parallel 8-bit data register and buffer 

Service request flip-flop for interrupt generation 
Three-state outputs 

Low input load current: |), =—250uA(max.) 

High output sink current: lo, =16mA(max.) 
High-level output voltage for direct interface to a 
M5L8085AP, CPU: Voy=3. 65V( min.) 


APPLICATION 

Input/output port for a M5L8085AP 

Latches, gate buffers or multiplexers 

Peripheral and input/output functions for microcomputer 
systems 


FUNCTION 

Device select 1 (DS;).and device select 2 (DS») are used 
for chip selection when the mode input MD is low. When 
DS, is low and DS; is high, the data in the latches is trans- 
ferred to the data outputs DO; ~ DOx, and the service re- 
quest flip-flop SR is set. Also, the strobed input STB is ac- 
tive, the data inputs DI; ~Dlg are latched in the data latches, 
and the service request flip-flop SR is reset. 


| BLOCK DIAGRAM 


MODE INPUT MD (2) 


DEVICE SELECT DS, 
DEVICE SELECT DS2 


DATA INPUTS 


Dlg 


CLEAR CLR (14) 


PIN CONFIGURATION (TOP VIEW) 


DEVICE SELECT DS, LL 
MODE INPUT MD->L2, 
DATA INPUT DI [3] 
DATA OUTPUT DO, +-[4] 
DATA INPUT Dle—>{5| 
DATA OUTPUT DO2+-[6] 
DATA INPUT Di3—LZ! 


ZI INT CONTROL SIGNAL 
22|+— Dig DATA INPUT 
2] DOs DATA OUTPUT 
20|*— Diy DATA INPUT 
IY DO7 DATA OUTPUT 
18) Dlg DATA INPUT 


délcs Sw 


17] DOs DATA OUTPUT 
1 6]<—- Dis DATA INPUT 


DATA OUTPUT DO3+-L8. 
DATA INPUT Di, [9] 
DATA OUTPUT DO,+-[10 
STROBE INPUT STB—[L]] 
(0V)GND 


14<—- CLR CLEAR 
3}*-DS2 DEVICE SELECT 


Outline 24P4 





When MD is high, the data in the data latches is transfer- 
red to the data outputs. When DS; is low and DS; is high, 
the data inputs are latched in the data latches. The low-level 
clear input CLR resets the data latches and sets the service 
request flip-flop SR, but the state of the output buffers is not 
changed. 


(2) GND (0V) 


__. INTERRUPT 
(23) INT CONTROL 
SIGNAL 


6 


4 ° 
—e7 


unig 
a 


DATA 
OUTPUTS 


a 


| 


af 
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ABSOLUTE MAXIMUM RATINGS (Tag=0~75C , unless otherwise noted) 


| Vcc | Supply voltage Pee ete a ee 
ies oe Te 1 naa 
Meee 
|p Pa 


Power dissipation 


Voc 
Vi 
Vi 
Vo 
Operating free-air temperature range 


Storage temperature range 


| 4.75 | 


Pion | Mighlovet ouputeurent | 
Low-level output current as 


High-level input voltage 
Input clamp voltage Voco=4. 75V, lic=—5mA | | V 


Voc=4. 75V, Vin=2V : 
Vou High-level output voltage . 
Vip=0. 85V, lox=—1 mA 
Veco™=4. 75V, Vin=2V, 
VoL Low-level output voltage 0. 45 V 
ViL=0. 85V, loL=15mA : 
Nie 
lie 
Nie 
loc 


Voc=5. 25V, Vin=2V, 












































Vic 








Three-state output current 
ViL=0. 85V, Vo=5. 25V 





) 
ro) 
is 

> 







Voc=5. 25V, Vin=2V, 


Vit=0. 85V, Vo=0. 45V 
High-level input current, STB DS2, CLR, 


Voc=5. 25V, V,=5. 25V 10 A 
Dh~Dks inputs — 


High-level input current. MD input Voco=5. 25V, Vj=5. 25V 











Three-state output current 














High-level input current, DS; input Voc=5. 25V, V;=5. 25V P| 
Low-level input current. STB, DS2, CLR, 

Voc=5. 25V, V;=0. 5V —0. 25 mA 
Dh~DIg inputs 








Note 1 - All voltage are with respect to GND terminal Reference voltage (pin 12) is considered as OV and all maximum and minimum values are de- 
fined in absolute values. 


2: Current flowing into an IC is positive, out is negative. The maximum and minimum values are defined in absolute values 
3: Ail measurements should be done quickly, and two outputs should not be measured at the same time 


TIMING REQUIREMENTS (Ta=0~75C , Vec=5V+5% , unless otherwise noted) 


Symbol Parameter Test conditions 
ee ee 
Data setup time with respect to DS;, DS, and STB 15 | ns 


\ 
a 








Voc=5. 25V 
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SWITCHING CHARACTERISTICS (Ta=0~75C , Vec=5V+£5%, unless otherwise noted) 


Parameter Test conditions (Note 4) 


teHt(pI-po) High-to-low-level and low-to-high-level output propagation 


teL_H(p1-po) | time, from input DI to output DO 
C.=30pF, Rii=3000, R.2=6000 
tpHL(ps2-D0) High-to-low-level and low-to-high-level output propagation 


tpiu(ps2-p0) | time. from input DS1, DS2 and STB to output DO 


tpHL(stTB-INT) High-to-low-level output propagation time, from input STB to output INT 


tpzi(mp-po) | Z-to-low-level and Z-to-high-level output propagation CL=30pF, Ru:=3000, Ry2=6000 
tpzH(mp-po) | time, from inputs MD, DSi and DS2 to output DO CL=30pF, Ruy =10kKN, R2=1kA 
tpHz(mp-bo) | High-to-Z-level and low-to-Z-level output propagation CL=5pF, Ru=10k2, R2=1kO 
tp_z(mp-po) | time, from inputs MD, DS! and DS2 to output DO Ci=5pF, Rii=3000, Ri2=6000 





High-to-low-level output propagation time, from input 
tpHL(GLR-po) | —— C.=30pF, Riui=3000, R.2=6000 
CLR to output DO 








Note 4: Test circuit 
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TIMING DIAGRAMS REFERENCE LEVEL=1.5V 


Dlhi~Dlg 


DS;, DS2, STB 


DO,~DOsg 


Dlh~ Dig 


DS;, DS2, STB 


DO);~DO,; 


DS;, DS2, MD 


DO;~DOs; 


2) 
i 
Dv 


DO, ~DOg 


BOT Si ro ee at ee eran: Te 
Ww th(pa) 
tsu(pa) 
tpHL(ps2—Do) 


tpLH(Ds2—po) 


¢ 
¢ 


en os Gee cn es cee ee ees ee ee ee ees eee ee ee es es es ee es ss 


@as Sea ae eS SB OBB eB eS ee eee Sey 


? . 
SU(DA) h(pa) 
tpHL(DI-Do) 
teLH(DI~Do) 
Be Pate ge ee ey ey ONG 7, PC ST ee ee ee nm an a 


¢ 


a te kt td 


tpzL(mp—po) teHz(mD—Do) 
tezH(mD—po) tpiz(mo—po) 9. 5V 
Vou 


0.5V 







tpHL(sTB—INT) 


tpH_(GLR—Do) 
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DESCRIPTION 
The M5L8216P and M5L8226P are 4-bit bidirectional ‘bus 
drivers and suitable for the 8-bit parallel CPU M5L8085AP. 


FEATURES 
@ Parallel 8-bit data bus buffer driver 
@ Low input current DIEN, CS: l= —500zA( max.) 
DI, DB: 1), =—250uA(max.) 
@ High output current M5L8216P 
DB: lop =55mA (max. ) 
lon=— 10mA( max. ) 


DO: lon=— 1mA( max. ) 
M5L8226P 
DB: lo, =50mA( max.) 
lon= — 10mA( max. ) 
DO: lon=— 1mA( max. ) 


@ Outputs can be connected with 
the CPU MSL8085AP: = Voy=3. 65V( min.) 
@ Three-state output 


APPLICATION 
Bidirectional bus driver/receiver for various types of micro- 
computer systems. 


FUNCTION 
The M5L8216P is a non-inverting and the M5L8226P is an in- 
verting 4-bit bidirectional bus driver. 

When the terminal CS is, high-level, all outputs are in 
high-impedance state, and when low-level, the direction of 
the bidirectional bus can be controlled by the terminal DIEN. 





BLOCK DIAGRAM 


DATA INPUT 
DATA OUTPUT 
DATA INPUT 


DATA OUTPUT BIDIRECTIONAL 


DATA INPUT DATA BUS 


DATA OUTPUT 
DATA INPUT 


DATA OUTPUT 


CHIP 
SELECT INPUT 


GND 


M5L8216P 


PIN CONFIGURATION (TOP VIEW) 


CHIP SELECT =e _, 
INPUT CS ce 


DATA OUTPUT DOp +-| 2| '15|+~ DIEN ae INPUT 


BIDIRECTIONAL pp. 4, 
Bata BUS De 11 4]—+ DOs DATA OUTPUT 
Ta]++ De, BIDIRECTIONAL 


DATA INPUT Dlo | 4 DATA BUS 


DATA OUTPUT DO; +] 5| 12|< Dis DATA INPUT 


d9c2c8 1SW 
YO 
d9lcs1SV 


BIDIRECTIONAL pg ., 

Fa ous CBee 111] DO2 DATA OUTPUT 
BIDIRECTIONAL 

DATA INPUT Dl — HO) DBs eee aie 


(OV) GND }9 [+ Dip DATA INPUT 


Outline 16P4 





The terminal DIEN controls the data flow. The data flow 
control is performed by placing one of a pair of buffers in 
high-impedance state and allowing the other to transfer the 
data. 


DATA INPUT 
DATA OUTPUT 
DATA INPUT 


DATA OUTPUT BIDIRECTIONAL 


DATA INPUT DATA BUS 


DATA OUTPUT 
DATA INPUT 


DATA OUTPUT 


M5L8226P 
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ABSOLUTE MAXIMUM RATINGS (Tag=0~75C , unless otherwise noted) 


| Itage, CS DIEN. DI inputs 
Week ad ae With respect to GND 


Peg | Power dspaton 
















oe ee 
a 










poet | terme 


Highovel ouptcarent DO amma iT 
High ive oputcurent DB ouput | 
Lowiovel ouput curent.60 aunt 

ia eainianmebeaed 5 © 



















ELECTRICAL CHARACTERISTICS (ta=0~75¢ , unless otherwise noted) 


Input clamp voltage Voco=4. 75V, lic=—5mA 
High-level output voltage DO output lox=—1mA 31.05 
: 

hie 

he 

loo 


Limits 


Unit 





Typ Max 


0. 95 


a) 
as 


High-level output voltage DB output lon=—10mA 
Voco=4. 75V 
Vout Low-level output voltage DO output ycceN loc =15mA 
Low-level output voltage. DB output i loc =25mA 
Vii=0. 95V 
Vor2 Low-level output voltage DB output 
M5L8226P lop =50mA 
Off-state output current. DO output 
een Vo=5. 25V 


0. 45 
0. 45 


< tt 





nN 
ro) 
Rg 
















Off-state output current. DB output 100 LA 
Voc=5. 25V 
Off-state output current. DO output 220) LA 


Vo=0. 45V 
Off-state output current DB output LA 
20 
10 LA 


MA 


ro) 
° 
is 
> 


Stig, | High-level input current DIEN CS Inputs 
Vec=5. 25V, Vin=4. 5V 
Fi ae eecal High-level input current. Di, DB inputs 
eile. 4 Low-level input current. DIEN CS inputs 


| 
Qo 
©Q 
() 





Veco=5. 25V, Vin=4. 5V 
Low-level input current. Di, DB input 


Short-circuit output DO output (Note 2) —15 
Veco=5. 25V, Vo=0V 
igs. 4 Short-circuit output DB output (Note 2) 30 
eee M5L8216P 
u curren 
ney M5L8226P 
Veco=5. 25V 
' a : M5L8216P 
u current z 
— ia M5L8226P 
Note 1 - Current flowing into an IC is postive, out is negative 
2 All measurements should be done quickly, and not more than one output should be shorted at a time 


is 
> 


oi 
3 
> 





axes ies 
O!lro!nrn!o|] v1 
OoO1;1o!lo > 
Ss ig 

> 


120 
100 


3 
> 


> 
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SWITCHING CHARACTERISTICS (Vec=5V+5% , Ta=25C , unless otherwise noted) 





Limits 


Typ 


Symbol 


Parameter Test conditions 
(Note 3) 


High-to-low and low-to-high output propagation time. 
 tpLH(pp-po) | from input DB to output DO 


teuitacae) High-to-low and low-to-high output | 45L8216P 
propagation time. from input DI to C.=300pF, Ri.1=900, Ri2=1800 
teLH(pi-pB) | output DB M5L8226P 


High-to-Z and low-to-Z output propagation time. 





t : 
PHL(DB-DO) C.=30pF, R.1=3000, R.2=6002 


TID AID) WwW I|HAIOMIA;IM! w |NMIW; N 
APO Ho, ST ;HIP OT RI Ia a ;anioq; ao 


tpHz(Gs-Do) 


C.=5pF, Rey=10k0, Ry=1kO 


from inputs DIEN CS. to output DO CL=5pF, Rii=3002, Ry=6000 


CL=30pF, Ry=10kO, R2=1kOQ 
Output enable time. 
from inputs DIEN CS to output DO 
CL.=30pF, Rii=3000, Ri2z=6000 


tpHz(GS-pB) | Output disable time. from inputs DIEN. CS to CL=5pF, Ru=10kN, R=1kO 
teLz(GS-pa) | Output DB CL=5pF, Rii=900, Ri=1800 
M5L8216P 
C.=300pF, Rui=10kQ, Ri2=1kQ 
M5L8226P 


M5L8216P 
M5L8226P 


tpLz(GS-Do) 





tezH(GS-Do) 


tpzL(GS-Do) 











tpzH(GS-pB) 
Output enable time from inputs 
DIEN. CS. to output DB 


tezL(GS-pB) C.=300pF, Rp:=900, Ri2=1802 








TIMING DIAGRAM (Reference level=1.5V) 


Note 3: Test circuit 





DBo~ DB3 
Dip~Dl3 
teLH(pB—po), teLH(pi—pB) 
tpHL(DB—Do)» tPHL(DI—DB) 
DOo~DO3 
DBo~DB3 
DIEN, CS 







tezH(CS—po), tezH(ES—ovB) tpyz(Gs—po), tpHz(Cs—pB) 


DOo~DO3 
DBo~DB3 


APPLICATION EXAMPLES 

Fig. 1 shows a pair of M5L8216Ps or M5L8226Ps which are 
directly connected with the 8080A CPU data bus, and their 
control signal. Fig. 2 shows an example circuit in which the 
M5L8216P or M5L8226P is used as an interface for memory 
and I/O to a bidirectional bus. 


M5L8216P 
3 OR 
M5L8226P 


SYSTEM DATA BUS 


MSL8216P 
OR 
M5L8226P 





Fig. 1 Data bus buffer 
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1/0 
MEMORY INTERFACE 


° D O cS D ‘° 
iar. aad M5L8216P M5L8216P M5L8216P 
OR OR OR 
M5L8226P M5L8226P M5L8226P M5L8226P 


BIDIRECTIONAL DATA BUS 





Fig. 2 Memory and |/O interface to bidirectional data bus 


PRECAUTIONS FOR USE 

When the M5L8216P data input or two-way data bus is set to 
high to disable-output from the two-way bus or data output, 
care is required as a low glitch of approximate width 10ns 
will be generated. 
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DESCRIPTION 
The M5L8282P and M5L8283P are semiconductor integrated PIN CONFIGURATION (TOP VIEW) 
circuits consisting of sets of eight 3-state latches for use with 
various types of microprocessors. 


FEATURES 
@ 3-state, high-fanout output -:-:: (lo. =32mA, lon=—5mA) 
@ Low power dissipation DATA INPUTS 


16] + DOs; 


DATA OUTPUTS 


APPLICATION 

Data latches for various microcomputer systems 
FUNCTION oumpeT Etput OE 
The M5L8282P and M5L8283P are latches with non-inverted (OV) GND 
and inverted outputs, respectively. 

When the strobe input STB is high, the data inputs Dlb~ Outline 
Diz are passed through the data outputs DO) ~ DO; 
(M5L8282P) or to the data outputs DOo~ DO7 (M5L8283P) , 
changes in the Dlp~Dl7 signals being reflected in the data 
outputs. 

If the STB is changed from high to low, the data Dlo~ Dly 
just before the change is latched. If the D! data is changed DATA INPUTS 
while STB is low, this change is not reflected in the data 
outputs. 

When OE is made high, all the data outputs go into the 
high-impedance state, the data latched prior to OE going 
high being held. 


dc8c8 1SW 


STROBE INPUT 


16]-> Dos 


DATA OUTPUTS 
—> Dox 


OUTPUT ENABLE == 
weuT OF > L9 


(OV) GND '11]+— STB STROBE INPUT 


descs isw 





Outline 20P4 


BLOCK DIAGRAM ee Veo (8¥) ——— - —@ Vee (5V) 


- 
A 


oO 


[o) loXe) fehe) © 
r | f— 
A za ~ 

—flo =—ffo —|ffo — 


DATA INPUTS DATA INPUTS 5 PDATA OUTPUTS 


DATA OUTPUTS 


oO oOo Qo (@) 
rm nm [= 
A A ~A 

ic —_ Can) _ [oe] 


© 
i 
—_ 


STROBE INPUT STB 0 q STROBE INPUT 

OUTPUT ENABLE OE 
INPUT (OV) ——— 

M5L8283P 
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ABSOLUTE MAXIMUM RATINGS (Tag=0~75TC , unless otherwise noted) 


Output voltage 










Symbol Parameter Min 


—s 
ea 
Eos 







Ete: 21 High-level output current | Voy22.4V Oe) 
Low-level output current Vors0. 45V | 0 | 





Voc=4. 5V, lic=—5mA 
Voo==4. 5V, lon==—5mA 








— 
’ . 
. 


Voco=5. BV, Vi=5 25V 


Voco=5. 5V, V;=0. 45V 
Voc=5. 5V 


Alternate Test. 
Symbol Parameter 
symbol conditions 
t Propagation time from DI input to DO 
tees or DO for low-to-high or high-to-low 
Pee change 


Propagation time from STB input to 
DO or DO for low-to-high and high- 
to-low change 











Propagation time from OE input to DO 
or DO output when output is enabled 


Propagation time from OE Input to DO 
or DO output when the output Is dis- 
abled 
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TIMING REQUIREMENTS (vcc=5V+10% , Ta=0~75T , unless otherwise noted) 


Symbol Parameter Test conditions 
symbol 








Strobe STB high pulse width 
ied Strobe STB setup time for Dlo~Dly 
STB hold time for Dlr~Dly 


Note 1: Test Circuit Note 2: 












DEVICE 


UNDER TEST CIRCUIT 


1 (Note 2) 





TIMING DIAGRAM (Reference voltage=1.5v) 


Dlo~Dlz 
STB 
tw(sTBH) 


DOo~DO7 
tezi 
ee aed i 0. 8V 


PRECAUTIONS FOR USE 

Care should be taken to accommodate the glitch that is 
generated when STB goes from low to high with the output 
low for the M5L8283P. 


3 


O 
m 
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APPLICATION EXAMPLES 
(1) Use in the maximum mode 
Voc 0 
CLK 








M5L8284AP 





So 


COMMAND BUS 


MELPS 86 
CPU 


LOCK 


M5L8282P 
LATCH 
(2OR3) 


ooo) MEGABYTE 
s ADDRESS BUS 





E 


M5L8286P — : 
TRANSCEIVER 16-BIT DATA BUS 





(2) Use in the minimum mode 







Wie O 
M5L8284AP Voc 
CLOCK 
GENERATOR 





RES 
COMMAND BUS 


MELPS 86 
CPU 


ALE 


M5L8282P ——rw\, 1-MEGABYTE 


ADo~ADi5 LATCH enn a ADDRESS BUS 


Ais™Aig 
BHE 





i! 
os M5L8286P * ' 
“A Mansceivent Keer DATA BUS 
(2) : 
1 


dt 
i Ld 
[ere 


* : Option 
Required when the number of devices 
driving the bus increases 
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DESCRIPTION 
The M5L8284AP is a clock generator and driver for use with 
the MELPS 86, 88 processors. 

It has a synchronous delay circuit and synchronous con- 
trol circuit capable of controlling two Multibus (intel 
trademark) circuits. 


FEATURES 

@ Crystal controlled stable output frequency 

@ Capable of synchronous operation with other 
M5L8284APs 

@ External frequency input 

@ A power-on reset by means of an external capacitor and 
resistor 


APPLICATION 
Clock driver and generators and driver for MELPS 86, 88 


FUNCTION 
The M5L8284AP is a clock generator/driver for the MELPS 


86, 88 microprocessors. 

The chip contains a crystal controlled oscillator, a di- 
vided-by-3 counter, a peripheral clock output provided di- 
vided-by-2 counter, a reset circuit and ready circuit to en- 
sure synchronization to the CLK signal. 

The reset input RES is used to generate the reset output 
RESET as the CPU reset synched to the CLK signal. A 
Schmitt trigger is used at the input side. 

Thus, a reset signal can be output at power on by con- 
necting a capacitor and resistor to the RES input. 


BLOCK DIAGRAM 


RESET INPUT 


CRYSTAL 
TERMINAL 1 
CRYSTAL 
TERMINAL 2 


CLOCK SELECTION INPUT 


EXTERNAL CLOCK INPUT *® 


CLOCK SYNCHRONIZATION 
INPUT 


READY INPUT 1 


READY INPUT 2 RDY 2 (6) 


READY SYNCHRONIZATION 
SELECTION INPUT ASYNC (15) 
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PIN CONFIGURATION (TOP VIEW) 


CLOCK 
SYNCHRONIZATION CSYNC | 1 | Veco (5V) 
CRYSTAL 


PERIPHERAL - 
CLock OUTPUT PCLK Xl TERMINAL 1 
x CRYSTAL 


ADDRESS ENABLE ERT _, TERMINAL 2 


INPUT | 
READY INPUT1 RDY 1—>| 4 T5]<— ASYNG MAD SINCHRONZATION 


READY OUTPUT READY + «EF, EXTERNAL 


CLOCK INPUT 
READY INPUT 2 RDY 2—| 6| 


<— F/E CLOGK SELECTION 
ADDRESS ENABLE ZER—7 OSCILLATOR 
InpuT? AEN ¢ * 7 OSC OUTPUT 
CLOCK OUTPUT CLK | 8 | 


'11}+- RES RESET INPUT 
—> RESET RESET OUTPUT 


dVvscs isn 


Outline 18P4 





The frequency/crystal selection input F/C can be used to 
select the crystal oscillator circuit output or an external clock 
input as the input for the divide-by-three counter. 

By using these pins, the M5L8284AP output can be used 
to drive multiple M5L8284AP devices. 

The clock synchronization input CSYNC is used to oper- 
ate multiple M5L8284APs in sync. 


RESET OUTPUT 


D Qt—(10) RESET 
ACK | | 
Pe (8) CLK 


DIVIDED-BY-2 
COUNTER 


OSCILLATOR OUTPUT 


CLOCK OUTPUT 
COUNTER 


SYNC PERIPHERAL 
CLOCK OUTPUT 


(2) PCLK 


‘1CK I 
SYNC 


(9) GND 


(5) READY READY OUTPUT 
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PIN DESCRIPTIONS 


Addi aan eaablé When AEN1 and AEN2 are set low, RDY] and RDY2 are enabled, respectively. By using these two inputs 
er separately, the CPU can be used to access two Multibusses. When not used as a multimaster, AEN should 
p be set to low. These inputs are active low. 
Bus ready input 
RDY2 unr 
ASYNC Active low input 


READY Ready output 


These inputs are connected to the output signal indicating the completion of data reception from a system 
bus device or, indicating that data is valid RDY1] and RDY2 are.enabled when AENI and AEN2 are low, re- 
spectively. These inputs are active high. 


This signal is used to select the synchronization mode of the READY signal generation circuit. When the 
ASYNC signal is set low, the READY signal is generated in two synchronization steps. When the ASYNC 
signal is set high, the READY signal ts generated in one step 


The state of RDY appears at this output in synchronization with the CLK output This is done to synchronize 
the READY output to the M5L8284AP internal clock because the RDY input generation is unrelated to the 
CLK signal. This pin is normally connected to the CPU ready input and cleared after the required hold CPU 
time has elapsed. 


These pins are used to connect the crystal. The crystal frequency is 3 times of CPU clock frequency The 
crystal should be in the 12-25MHz range with the series resistance as possible as small. Care should be 
taken that these pins are not shorted to ground 


Crystal element 


Xt, : 
terminals 


When F/C is set low, CLK and PCLK outputs are driven from the crystal oscillator circuit When it is set 
high, they are driven from the EFI! input. 





Clock selection input 
When F/C is set high, CLK and PCLK output signals are driven from this pin. A TTL level rectangular signal 


External clock input 
per | P and three times of the CPU frequency should be used. 
This output is connected to the clock inputs of the CPU and the peripheral devices on the local bus. The 
output waveform is 1/3 the frequency of the crystal oscillator connected at X; and X2 or the signal applied 
Clock output Output P é / _ : id | : 9 Pe : 
to the FEI input, and has a duty cycle of 1/3. Since for Voc=5V, Voy==4. 5V, this output can be directly drive 
the CPU clock input. 


PCLK Peripheral clock Satout This output provides a clock signal for use with peripheral devices. The output waveform is 50% duty cycle 
output TTL level rectangular waveform with a frequency 1/2 that of the clock output. 





This output is a TTL level crystal oscillator output. The frequency is the same as that of the crystal con- 
nected at X; and X2, but care should be taken as the frequency will be unstable if these pins are left open. 


This active low input is used to generate the reset output signal for the CPU The input is a schmitt trigger 
input so that by connecting a capacitor and a resistor, the CPU reset signal can be generated at power on. 


AEN], 

AEN2 

RDY1, 

X2 

F/C 

EFI 

CLK 
Oscillator output 
RES | pewtinot 

RESET Reset output Output This pp Is connected ve the ike fese! input. The signal at this pin is synchronized the RES input with the 

CLK signal. This output is active high. 


When using multiple M5L8284AP devices, this input is used as a clock synchronization input When CSYNC 
is high, the internal counter of the M5L8284AP is reset and when CSYNL is low, it begins operation. CSYNC 
must be synchronized with EF!. See application notes. 





Clock synchronization 
CSYNC |! mismo’ 
input 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 


ee ee el 
eee 


Operating free-air temperature range 





RECOMMENDED OPERATING CONDITIONS (12=0~75° , unless otherwise noted) 


Parameter Unit 


Supply voltage 


Tas] s>ss[ v_ 
CLK Von=4V 

High-level output current =| mA 
Other outputs Von=2. 4V 












Limits 


Ty 






ne) 


High-level input voltage 
Other inputs RES 


Vin 
Low-level input voltage 
Hysteresis width 

Input clamp voltage Voo™4. 5V, lic=—5mA 


High-level output voltage Vec™=4. 5V, lon=—1mA 
Other outputs CLK 


wv 

| 7 
Low-level output voltage Voco=4. 5V, lop =5mA 
| 

| 





2 
0 


.6 
2 
25 
4 
2.4 


High-level input current Voc=5. 5V, V;=5. 25V 
ASYNC 

Low-level input current Voc==5. 5V, Vi=0. 45V 
Other inputs ASYNC 

Supply current Veco™5. 5V 





med 
® (6) | 
N W | Oo = 


_ 
Oo) 
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SWITCHING CHARACTERISTICS (Vcc=5V+10% , Ta=0~75C , unless otherwise noted) 


Symbol 
: symbol 


(Note 5 a,b) CLKFregS8MHz (Mt +2 
ager eer CLK high pulse width =A — 


T CLK low pulse width t (Note 5 a,b) CLKFreqS8MHz (%torer)—15 
W(CLKL) ow pulse wi r 

: an: CLKFreg=10MHz 
CLK low-high transition time 1~3.5V Ro ll 















Limits 


T 


Alternate 







Parameter Test conditions 









< 
ik 
<= 
r} 
x 
C 
= 
- 














CLK high-low transition time 3.5~1V 


; READY inhibit time with (Note 1) t (Note5:6a) 

div respect to CLK il net 

; READY enable time with visio : (Note 5 c,d) CLKFreqgS8MHz 
dv respect to CLK er CLKFreg=10MHz 


High-low delay time from CLK to RESET 
Low-high delay time from CLK to PCLK 





pels 
W 





N 





N 


— 1 NO] Ww 


N 







Py Tout taime tom [2B AV Tonentcu 


Note 1: Applies to T2 state time 
2: Applies to T3 and TW state times 


io) 


ee 
= 
ieaele 
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TIMING REQUIREMENTS (Voc=5V £10%, Tag=0~75C, unless otherwise noted) 


\ 








Alternate Limits 


Symbol Parameter Test conditions Unit 


- 
< 
xo] 


symbol 


< 
r 
N 


fixtalbmax | Crystal frequency 


tw(eFIH) EFI high pulse width tener 
tw(eFIL) EFI low pulse width teLeH 


Tocern EFI repetition period (Note 3) teLer 
t RDY1 and RDY2 active setup t 
SUcRPY) time with respect to CLK it 
; RDY1 and RDY2 active hold 
Sucney) time with respect to CLK nen 
' RDY1 and RDY2 inactive i 
ane setup time with respect to CLK ads 
' RDY1 and RDY2 hold t 
hiapy) time with respect to CLK SEs 
t ASYNC setup time t 
SULASING) with respect to CLK mel 
i ASYNC hold time ‘ 
hCASYNC) with respect to CLK ese 
‘ AEN] and AENZ2 setup time ‘ 
SUCAEN) | with respect to RDYI and RDY2 ced 
t AEN] and AENZ2 hold t 
(AEN) time with respect to CLK ae 
t CSYNC setup time t 
SURCEYNG) with respect to EFI ee 
t CSYNC hold time t 
h(csyno) with respect to EF! noe 


twicsync) | CSYNC pulse width tous, 


RES setup time with 
respect to CLK (Note 4) 


RES hold time with 
respect to CLK (Note 4) CLIH 
Input rise time tig 
Input fall time 


Note 3: &=t-(5ns max)-+EFI -+ t,(5ns max)+EFI 
4: tsucres) and thre) are theoretically only to guarantee logic in the next clock period 


90% —90% Vin 
1 0%— 1 0%Vin 


mt] et | et 
Wi] Wi NM 


tener t 
tecent o 





WwW 
oOo 


ASYNC=HIGH 





Ww 
oO 


ASYNC=LOW 




















Nh 
oO 


2tever 


—— 


tsu(RES 


fe?) 
o 


tiHoL 


) 
th( RES) 


0.8~2V 
2~0. 8V 


N nN (63) Ww 
oO oO ro) ol 
— |p NO 





Hie 
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Note 5: Test Circuits 


(a) 








Load circuit 
(Note 6) 


R; 


R,}=R2=5100 


(c) 






Load circuit 
(Note 6) 


Note 6 : Load Circuit 


V_=3. 41V 


= R,=5600 


M5L8284AP 


tr 


CLK pins 


(b) 













Load circuit 
(Note 6) 


Load circuit 
(Note 7) 


Ri =Re2 


Load circuit 
(Note 6) 


Load circuit 
(Note 7) 


Note 7: Load circuit 


VL=2. 08V 
M5L8284AP i 
Other pins 
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TIMING DIAGRAM (Reference level=1.5V) 
CLK, RESET Signals 


tw(EFtH) 
Teter tw(eriL) i w 
EFI ee Sy Lapa lnyby 
OSC / \ / \, 
Pra 
T a 
DLH(OSC—CLK) Toxilosc—cik) Tw(cLKn) 
CLK 
Bie te 
iin Sa ora 
W(PCLKH) 
thicsync) tsu(csync) 
CSYNC th(Res). tsu(RES) 
tw(csYNc) aaa 
RES 
TpxL(CLK—RESET) 
RESET 


READY Signal (with asynchronous device) 


tsu(Aen) 


CLK 


RDY 1, 2 


tsu(ASYNC) 





tdv 





READY Signal (with synchronous device) 


CLK 


tsu(rpy) 


RDY 1, 2 
tsu(aen) 


AEN I, 2 


tsu(ASYNC) th(ASYNc) 








READY 
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APPLICATION NOTES 
(1) Connecting the crystal 








MELPS 86 
MELPS 88 





The crystal frequency should be three times the cycle time 
of the 8086, 8088 or 8089, and the crystal should be located 
as close to the M5L8284AP as possible. 


PRECAUTIONS FOR USE 
(1) The oscillator circuit of the M5L8284AP is designed for 
use with the fundamental mode crystal. 
If noise is allowed to enter the XTALI, XTAL2 or Voc 
pins, the oscillator frequency will be pulled of the parallel 
resident frequency and the stray capacitance between 
XTALI and XTAL2 may cause the circuit to go into re- 
laxation oscillation. To prevent this, care should be given 
to the following points. 
(1) The should be one with a small parallel capacitance. 
(2) A 0.01 —0.1uF capacitor should be connected be- 
tween Voc and ground. This capacitor should be lo- 
cated as close as possible to the IC. 


(2) External clock connections 


5V 


kA 





EXTERNAL CLOCK 


(TTL LEVEL 50% 
DUTY CYCLE) 





MELPS 86 
MELPS 88 






The frequency should be three times the CPU cycle fre- 
quency 


(3) Synchronizing using the CSYNC input 


@ When the EFI input is used 


Veco (5V 


) 
M74LS74AP__ M5L8284AP 





EXTERNAL 
SYNCHRONIZATION 
INPUT (SYNC) 


EXTERNAL CLOCK 
(EFI) 


@ When the EFI input is not used 


M5L8284AP 


EXTERNAL 
SYNCHRONIZATION 
INPUT (SYNC) 





(4) Power-on reset circuit 


V 


R=1Ik~10k0 





Since the MELPS 86, 88 require a reset pulse over 50us 
after Voc reaches 4.5V upon power on, the capacitor value 
should be determined by the graph shown below. Note that 
the time for Vcc to reach 4.5V has not been considered, so 
that it is necessary to choose the characteristics value of 
Capacitance under consideration of the power supply. 


Vo(th=V 1—ext| 


V=4,5V 
t=50s 
Dra E VC (t) Ve(t)=1. 05V_ 
ae Paes : RC=190X107° 





50H s (t) 
CHANGES IN RES INPUT VOLTAGE 
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APPLICATION EXAMPLES 


(1) Use in the maximum mode 
24MHz 
Voc 


M5L8284AP 






CLOCK 
GENERATOR 
RES 






COMMAND BUS 


MELPS 86 
CPU 


LOCK 






ADo~ AD15 
Ais~Ai9 


BHE 


M5L8282P 
LATCH 
(2o0r3) 


HenaRee 1-MEGA BYTE 
ADDRESS BUS 





OE 


MSL8286P_| K ~~~" \16-BIT DATA BUS 
TRANSCEIVER 





(2) Use in the minimum mode 
24MHz 


Voc 


M5L8284AP Vec 


CLOCK 
GENERATOR 
RES 







COMMAND BUS 


M5L8282P TE! 1-MEGA BYTE 


pABPTB LATCH 7 ADDRESS BUS 
bane J 


MELPS 86 
CPU 





po-==-5 | 


L aay a 
set VI 
— — — —§OE 1 
J M5L8286P * 
TRANSCEIVER! Keer DATA BUS 
(2) 41 
I bl 
I Lt 
Mas eed es see ee ce 


* > Option 
Required when the number of devices driving the bus increases 
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DESCRIPTION 
The M5L8286P and M5L8287P are semiconductor integrated PIN CONFIGURATIONS (TOP VIEW) 


circuits consisting of a set of eight 3-state output bus trans- 
ceivers for use with a variety of microprocessor systems. 


FEATURES 
@ = i oe — = 
3 state, high-fanout outputs (lo, =16mA, lon 1mA for raecene 
the A outputs and Io, = 32mA, loy = — 5mA for the B DATA 
outputs) SYSTEM BUS 


DATA 
@ Low power dissipation 


APPLICATION 

Two-way bus transceivers for microcomputer systems OUTPUT = 
ENABLE INPUT OE—L9| 
FUNCTION (Ov) GND 
The M5L8286P and M5L8287P are two-way bus transceivers 
with non-inverted and inverted outputs respectively. 

When the output enable input OE is high, the local bus 
data pins Aj ~ A7 and system data pins Bo ~ B7 are both 
placed in the high-impedance state. 

When the output enable input OE is low, the input and 
output states are controlled by the transmit input T. 

aie, LOCAL BUS 

When T is high, Ag~A7 are input pins and Bo~B; are out- DATA 
‘put pins. When T is low, Bo~ By are input pins and Ap~ Az 
are output pins. 
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SYSTEM BUS 
DATA 


OUTPUT hae 
ENABLE INPUT OE-~|9| 
(OV) GND 
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BLOCK DIAGRAM 


LOCAL BUS LOCAL BUS SYSTEM BUS 
SYSTEM BUS DATA 
DATA ator U ° DATA 


OUTPUT ENABLE —= OUTPUT ENABLE 
INPUT OE + INPUT 


(10) GND (OV) 


MSL8286P M5L8287P 
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FUNCTION TABLES (note 1) 
M5L8286P M5L8287P 





Note 1: |: Input pin 
O, O: Output pin (non-inverted for the M5L8286P and 
inverted for the M5L8287P) 
Z : Indicated the high-impedance state (A and B are 
separated) 
X: Either high or low 


ABSOLUTE MAXIMUM RATINGS (Ta=0~75C , unless otherwise noted) 


a 
[Veo |Sinowvongs SSC~“~sSsSSC“‘“*S*S*S*S*S*SCSCSC*~d(C(C(SNC“N¥O Ds 
A a 
[ve | ouputvetags ——SSCSC~—~“~S*S*~‘“*~‘“S*~‘sSCSCSSSS Vs 
oe oe 
Ce = 




















Voc 
Vi 
Ve 


Storage temperature range 


RECOMMENDED OPERATING CONDITIONS (tTa=0~75 , unless otherwise noted) 


Parameter 


High-level output A output 
Von22. 4V 
current B output 
Low-level output A output 
lot VorS0. 45V 
current B output 





ELECTRICAL CHARACTERISTICS (Ta=0~75° , unless otherwise noted) 


Ame [ SSCS 
saat 





Limits 
Ty 








Unit 


xo) 


2 


L Low-level input voltage /B input 
c Input clamp voltage Voco=4. 5V, lic=—5mA 


High-level output voltage 


VoL Low-level output voltage 


A output Voc=4. 5V, lox=—1 mA . 


B output Voc=4. 5V, lon>=—5mA 
A output Vec=4. 5V, lop=1 6mA 


Off-state output current with high-level | A output Voc=5. 5V, Vi=2V 
toon | applied at the output B output Vo=5. 25V 
Off-state output current with low-level A output Voeco=5. 5V, Vi=2V 
applied the output B output Vo=0. 45V 
Ving [High-level nputcurent—«dMeom SV VB 


' Stas M5L8286P ecloesy 
u curren =5. 
oe Ped M5L8287P i 
F=] MHz, Veias=2. 5V 
Cin Input capacitance : 
Voc=5V, Ta=25 Cc 
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SWITCHING CHARACTERISTICS (Voc=5V110% , Ta=0~75T , unless otherwise noted) 


M5L8286P M5L8287P 
Alternate Test 
symbo conditions 


; Low-level to high-level and 
PLH high-level and low-level 
toni: transition time from input A TIVOV 
B to outputs B, A 
t Out - able time from OE nee 
utput enable time from 
ae pis TELOV 
tezL input to A or B output 
t Output disable time from OE 
ne r TEHOZ 
tpiz input to A or B output 


| Min | 


Parameter Test conditions 
Symbol Typ 





Note 2: Test Circuit 


INPUT Voc OUTPUT 
C) 








pes 254 





t 

i 

DEVICE Loap ! 
UNDER CIRCUIT | 
TEST I (Note 3) 
I i 

L. ma a ae =m all 


Note 3 


1.5V 


900.2 


A OUTPUT LOAD CIRCUIT 
A OUTPUT A OUTPUT A OUTPUT 
T 100pF 


B OUTPUT LOAD CIRCUIT 


B OUTPUT B OUTPUT B OUTPUT 


th th h 
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TIMING DIAGRAM (Reference voltage=1.5V) 









A, B(INPUTS) OE 
M5L8286P 
B, A(OUTPUTS) B, A(OUTPUT) Vor +0. 1V 
M5L8287P OE 
B, A(OUTPUTS) 
OE T 
tezx 

B, A(OUTPUTS) ay 
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APPLICATION EXAMPLE 
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COMMAND BUS 





MELPS 86 
CPU 


M5L8282P 


m\, I-MEGA BYTE 
LATCH 


5) ADDRESS BUS 





M5L8286P 
nase 


: Se ee, 
Sow ee) 16-BIT DATA BUS 
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DESCRIPTION 

The M5L8288P is a semiconductor integrated circuit consist- 
ing of a bus controller and bus driver for the MELPS 86, 88, 
16-bit microprocessors. By using the status signals from the 


PIN CONFIGURATION (TOP VIEW) 


CPU a Multibus (Intel trademark) control signal is gener- I/O BUS He ioB—> [1 Veo(5V) 
ated. 
CLOCK INPUT CLK} 2 | 191-5). 
3 __ p STATUS INPUTS 
FEATURES STATUS INPUT 5; -5 
@ High-fanout outputs ss : DATA TRANSAT: oT/R[4 2 t7|-> McE/PDEN 
Command output Io, =32mA, loy=—5mMA \ 
| ADDRESS LATCH ALE «— on 6]—->DEN DATA ENABLE OUTPUT 
Control output lo,-=16mA, loy=—1MA ENABLE OUTPUT OUTPU 
@ Advanced command outputs (AIOWC and AMWC_ | “PRESS ENIBLE Fey —t 6 | & 15] *=GEN Zoe ANe-ENAELE 
outputs) Sere MADo— = + INTA ACKNOWLEDGE 
@ Low power dissipation ent NiNe? % me ~ oe OUTPUT 
comand ourrur / MWC lORC COMMAND OUTPUT 
MEMORY WRITE gaye ———————— ADVANCED 1|/ 
APPLICATION COMMAND ouTPUT. MWC + 9 —*ATOWC WRITE COMMAND 


Bus controller and bus driver for maximum mode operation (0V)GND 111+ TOWGC COMMAND Sieh 
of the MELPS 86, 88 
Outline 20P4 





FUNCTION 
The M5L8288P is a bus controller and driver for maximum 
mode operation of theMELPS 86, 88 processors. 

The command signals and control signals are decoded 
by means of the So~ S2 outputs from the CPU and the con- 
trol signals for |/O devices and memory are output. 

The device can be used in the Multimaster mode in 
which several CPUs acting as masters are connected to one 
data bus. An input pin for the control signal AEN from an 
8289 bus arbiter is provided. j 

By using the M5L8288P as a bus controller, a highper- 
formance 16-bit microcomputer system can be configured. 


BLOCK DIAGRAM 


= ADVANCED MEMORY E 
STATUS INPUTS AMWC COMMAND Steuer one 


MWTC MEMORY WRITE COMMAND OUTPUT 


COMMAND COMMAND 
SIGNAL 1/0 WRITE COMMAND OUTPUT ( OUTPUTS 


GENERATOR 
<= ADVANCED 1/O WRITE 
AIOWC COMMAND OUTPUT 


1/0 READ COMMAND OUTPUT 


INTERRUPT ACKNOWLEDGE 
COMMAND OUTPUT 


I/O BUS MODE INPUT IOB (1) DATA TRANSMIT/RECEIVE OUTPUT 


CLOCK INPUT CLK a CONTROL CONTROL DATA ENABLE OUTPUT CONTROL 


SIGNAL 
GENERATOR DEN ADDRESS LATCH ENABLE OUTPUT | OUTPUTS 


———. MASTER CASCADE ENABLE OUTPUT/ 
COMMAND ENABLE INPUT CEN (15) MCE/PDEN pepipHepal DATA ENABLE OUTPUT 


ADDRESS ENABLE INPUT AEN (6) LOGIC: 


GND (0V) 
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\ Input of 
pm fname mtn 
output 
These are connected to the CPU status output So~S2 
So, Si, S> Status input The M5L8288P uses these signals to generate the proper timing command signals and control signals 
All pins are provided with internal pull-up resistors. 
Used to connect the clock generator M5L8284AP clock output CLK 
CLK Clock input Input g : P 
All outputs of the M5L8288S change in synchronization with the clock input. 


Provides the strobe signal output for the address latches. 

This pin is connected to the STB pin of the M5L8282P or M5L8283P and used to latch the address from th 
CPU When using any other address latch, the following conditions must be satisfied 
1. The enable input must be active high. 

2. Data reading is always performed while the enable input is high 

3. The latching operation is performed as the enable input goes from high to low 


peieconopis Provides the data enabie signal for the local bus or a data transceiver on the system bus. 
Operates tn active high mode 


Controls the flow of data between CPU and memory or peripheral |/O devices 
When this pin ts high, the CPU can write data to the peripheral devices When it Is low, it can read data 











Address latch enable 
ALE 


output 























Data transmit/receive 








DT/R 
control output from the peripheral devices 
It is connected to the transmit input T of the M5L8286P or M5L8287P bus transceivers 
When the !OB input is low and the AEN input is set to high, all command outputs are put in the high- 
—— ; impedance state. When the IOB input ts high, there is no effect on the IORC, IOWC, AIOWC, and INTA out- 
AEN Address enable input 


puts, the command output other than these four going into the high-impedance state 
None of the command outputs will go low until at least 115ns after AEN transits from high to low. 


When this pin is set to low, all command outputs and DEN are prohibited by the PDEN control output (not 
CEN Command enable input et 
high-impedance state) When set to high, the above outputs are enabled 


When this pin ts set to high, the M5L8288P functions in the I/O bus mode, and when set to low it functions in 
the system bus mode. (The !/O bus mode and system bus mode are described in the functional 
description) 


AlOWG Advanced !/O write The AIOWC issues an |/O Write Command earlier in the machine cycle to give I/O devices an early indica- 
command output tion of a write instruction its timing is the same as a read command signal Active low 

lowG 1/O write command Instructs an I/O device to read the data on the data bus Active low. 
output 

—— 1/O read command 

lIORC iitout Instructs an I/O device to drive its data onto the data bus Active low 

AMwG Advanced write The AMWC issues a memory write command earlier in the machine cycle to give memory devices an early 
command output indication of a write instruction Its timing is the same as a read command signal Active low 

MwTtcG Memory write command Provides a write instruction to memory for the current data on the bus 
output Active low 

MRDG Memory read command Provides an output instruction to memory for the present data on the bus 
output Active low 

INTA Interrupt acknowledge This output informs an interrupting device that it has accepted the interrupt, outputting a vector address out- 
command output put instruction to the data bus IORC operates in the same manner for interrupt cycles Active low 


This output pin has two functions ; 
1. When the IOB input Is set to low 
Naxsnesenade The MCE function 1s enabled The signal acts as the enable signal which allows a slave PIC 
(M5L8259AP) to read the cascade address output to the bus by the master PIC during an interrupt sequ- 





Input/output bus mode 


input 








MCE/ Enable output/ 
PDEN Peripheral data 


ence Active high 

. When the IOB input Is set to high 
The PDEN function is enabled This output provides the enable signal to the data bus transceiver con- 
nected to the |/O interface bus when an instruction occurs (IORC, IOWC, AIOWC, INTA) Operates the 
same way as DEN with respect to the system bus 


Enable output 
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FUNCTIONAL DESCRIPTION 

The state of the command outputs and control outputs are 
determined by the CPU status outputs So ~ So. The table 
summarizes the states of the outputs So~ Sp and their cor- 


STATUS INPUTS AND COMMAND OUTPUTS 








Data write to an I/O port 


Read data from memory 





Instruction fetch 


responding valid command output names. 

Depending upon whether the M5L8288S is in the I/O bus 
mode or system bus mode, the command output sequence 
will vary. 


RELATIONSHIPS 


8086, 8088 status Valid command output name 
Interrupt acknowledge INTA 
Data read from an I/O port 1ORC 





oe ee AIOWG 


MRDC 








Halt 
H 


Write data to memory 








1. VO bus mode operation 

When IOB is high, the M5L8288S function in the I/O bus 
mode. ee 

In the I/O Bus mode all |/O command lines (IORC, IOWC, 
AIOWC, INTA) are always enabled (i.e., not dependent on 
AEN). When an I/O command is initiated by the processor, 
the 8288 immediately activates the command lines using 
PDEN and DT/R to control the I/O bus transceiver. The I/O 
command lines should not be used to control the system bus 
in this configuration because no arbitration is present. This 
mode allows one 8288 Bus Controller to handle two external 
busses. No waiting is involved when the CPU wants to gain 
access to the I/O bus. Normal memory access requires a 
“Bus Ready” signal (AEN LOW) before it will proceed. It is 
advantageous to use the |OB mode if I/O or peripherals de- 
dicated to one processor exist in a multi-processor system. 








2. System bus mode operation 

When IOB is set to low, the M5L8288S enters the system bus 
mode. In this mode no command is issued until 115 ns after 
the AEN Line is activated (LOW). This mode assumes bus 
arbitration logic will inform the bus controller (on the AEN 
line) when the bus is free for use. Both memory and 1/O 
commands wait for bus arbitration. This mode is used when 
only one bus exists. Here, both |/O and memory are shared 
by more than one processor. 


Og 0 






MWTC, AMWC 


3. AMWC and AIOWC outputs 

With respect to the normal write control signals MWTC and 
IOWC, the advanced-write command signals AMWC and 
AIOWC transit low one clock cycle earlier and remain low 
for two clock cycles. 








These signals are used with peripheral devices or static 
RAM devices which require a long write pulse, so that the 
CPU does not go into an unnecessarily wait cycle. 
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ABSOLUTE MAXIMUM RATINGS (Ta=0~75T , unless otherwise noted) 


[vec [Sonvwmge —CSC“‘SCSC*'YY.C“‘C$3§;;COC 
A 
[ve euptvomge —SOCSC—~—sSOSC“‘CNNSONCNCNCNCCCC 
Pe 
ane 
aaaaeneae 













Symbol 


| Symbol _| 
Vec 
Vi 
Vo 
es 





Parameter 
Supply voltage 
at Fog ee 
Low-level output 









Limits 


Ty 





ne] 


2 


2.4 
2.4 


ELECTRICAL CHARACTERISTICS (ta=0~75° , unless otherwise noted) 
v Eom oe 
V 

Command outputs Voco=4. 5V, Vi=2V lop =32mA 
V Low-level output voltage 
Control outputs V.=0. 8V lop=16mA 
High-level input voltage Voc=5. 5V, Vi=5. 5V 
lozu Off-state output current with high-level applied to output) Voc==5. 5V, Vo=5. 25V 
Off-state output current with low-level applied to output | Voc==5. 5V, Vo=0. 4V 


eget High-level input voltage 
Command outputs Voo=4. 5V, Vi=2V lon=—5mA 
High-level output voitage 
Control outputs V,=0. 8V lon=—1mA 
Pi | Low-level input voltage Voc=5. 5V, V,;=0. 45V 
ise: | Supply current Voc=5. 5V 


IH 
IL 
ic 
OH 
OL 

hie 

lec 
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SWITCHING CHARACTERISTICS (Vcc=5v+10% , Ta=0~75TC , unless otherwise noted) 


Alternate 
Symbol Test conditions 
symbol 


t Output low-level to high-level propagation time 
PLH From CLK input to DEN output 
TCVNV 
t Output high-level to low-level propagation time 
PHL From CLK input to PDEN output 
t | Output low-level to high-level propagation time 
PLH From CLK input to DEN output 
TCVNX 
t Output high-level to low-level propagation time 
PHL From CLK input to PDEN output 
Output low-level to high-level propagation time 
tetH From CLK input to ALE output TCLLH 
Output low-level to high-level propagaton time 
From CLK input to MCE output TCLMCH 
Output low-level to high-level propagation time 
From So~S} inputs to ALE output TSVLH 
Output low-level to high-level propagation time 
From So~St inputs to MCE output TSVMCH 
Output high-level to low-level propagation time 
From CLK input to ALE output TCHLL 
Output high-level to low-level propagation time 
teHL From CLK input to MRDC, IORC, INTA, TCLML 
AMWC, MWTC, AIOWC, and IOWC outputs 
Output high-level to low-level propagation time 
From CLK input to DT/R output TCHDTL (Note 1) 
Output low-level to high-level propagation time 
From CLK input to DT/R output TCHDTH 


High-level output enable time 
tezu From AEN input to MRDC, IORC, INTA, TAELCH 
AMWC, MWTC, AIOWC, and IOWC outputs 
High-level! output disable time 
teyz From AEN input to MRDC, IORC, INTA, TAEHCZ 
AMWC, MWTC, AIOWC, and IOWC outputs 
Output high-level to low-level propagation time ’ 
teu From AEN input to MRDC, IORC, INTA, TAELCV 
AMWC, MWTC, AIOWC, and IOWC outputs 
t Output low-level to high-level and high-level to 
od low-level propagation time TAEVNV 
PHL From AEN input to DEN output 
t Output low-level to high-level and high-level to 
ghee low-level propagation time From CEN input to TCEVNV 
PHL 
ae 
teHe 


DEN and PDEN outputs 
TIMING REQUIREMENTS (Vcc=5V+10% , Ta=0~75C , unless otherwise noted) 


mbo arameter est conditions nt 
: symbol Max 


Clock CLK cycle time TCLCL | too | 


Limits 
Typ 













Parameter Unit 


NO > 


< 











b 
Oo 









3 
7) 





io) 


_ No NO Nn 
OI oO fo) 

















Output low-level to high-level propagation time 
From CLK input to MRDC, IORC, INTA, 
AMWC, MWTC, AIOWC, and IOWC outputs 











WwW 
o1 











Ww 
oO 





Ww 
oO 






















o 
oO 


200 


— 
_ 
o1 






















N 
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NO 
an 


Ww 
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Output low-level to high-level and high-level to 
low-level propagation time. 

From CEN input to MRDC, IORC, INTA, 
AMWC, MWTC, AIOWC and IOWC outputs 




































Clock CLK high pulse width 
eS oe te with respect to Le 
ae staat . with respect to 2 
ies ieee - with respect to 

| a 
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Note 1: Test Circuit 


INPUT Voc OUTPUT 
O @, 








acme aan. 
I t 
DEVICE LOAD : 
UNDER CIRCUIT | 
TEST (Note 2)! 
| | 
1 " 
becséosd 


Note 2 


Command output 
load circuit 


Control output 
load circuit 





Note 3: AC TEST WAVE FORM 


2. 4V 







1.5V <—— TEST POINT —= 1.5V 


0. 45V 


INPUT PULSE LEVEL : 0. 45~2. 4v 


TIMING MEASUREMENT POINT : 1.5V 
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TIMING DIAGRAM 


1. Command output timing 











T T T T 
STATE 4 1 2 T3 ty 
tc 
aie __ a \ 7 
th(So~Sz) _twicekH) tsu(Si~S2) 
(TCHSV) [~~] (TCHCL) (TSHCL) 








tsu(S;~S2) 


pas 
igs 


soni 
wie 
ye 
pin 
teLH 


(TCLLH) Loa 
ALE kD 
__ ten 
(TCLML) 
MRDGC, IORC, INTA 
AMWC, AIOWC 
teLH 
(TCLMH) 


FOR READ AND Ts 
DEN | INTERRUPT 
SEE sae 
(TCVNX) 
SDEN (FOR READ AND) 
INTERRUPT 
DEN (FOR WRITE) iE 
CT - _ 


PDEN (FOR WRITE) 
teLH 
(TCHDTH) ik 
= (FOR READ AND 
DT/R \ INTERRUPT tees es ----4 
teHL 
(TCHDTL) 
teLH 


i 
MCE — ten 
a (Note 4) (TCHDTH) 






ea 








(TCVNX) 





teLH 
(TCLMCH) 


teHL 
fii (TCVNX) 
(TSVMCH) 





Note 3° The address/data bus signals are shown only for reference 
4: The ALE and MCE leading edge occurs in synchronization with the falling edge of CLK or So~Sz, whichever is later 
5 ° Unless otherwise noted, the timing of all signals is respect to 1. 5V 
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2. DEN and PDEN timing 


CEN 


> 
m 
z 


hese teLH, ten 
— (TAEVNV) 
5 


li 


teu, teHe 
(TCEVNV) 
PDEN 
3. AEN timing teHL 
AEN (TAELCV) 
a (TAEHCZ) 
MRDC, IORC, INTA tezH 0.5V 
AMWC, MWTC, (TAELCH) | Von 
teLH 
(TCELRH) 
CEN 
teHL 
TCEHRL 


Note 6 : CEN must be low or valid prior to T2 to prevent the command from being generated. 


APPLICATION EXAMPLE 


Voc 0 


M5L8284AP 








M5L8288P/S 
BUS 


: COMMAND BUS 


MELPS 86 
CPU 


LOCK 


M5L8282P 
LATCH 
(20r3) 


ee) 1-MEGABYTE 
ADDRESS BUS 





OE 


M5L8286P Seta Si 
TRANSCEIVER 16-BIT DATA BUS 
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DESCRIPTION 

The M5L8289P is a system bus (“MULTIBUS) arbiter for the 
MELPS 86, 88 16-bit microprocessors. When a request for 
access to the system bus is made by any of these microp- 
rocessors, the MSL8289P prevents simultaneous access by 
two or more processors by allowing only the first processor 
which requests access to access the system, preventing all 
others from accessing the system bus. It generates the re- 
quired signals for bus access. (® MULTIBUS is a registered 
trademark of Intel Corporation.) 


FEATURES 

@ ®MULTIBUS compatible 

@ Usable in multiprocessing systems using the MELPS 86, 
88 microprocessors 

@ Four modes of request and bus surrender are possible 

@ Low power dissipation 


APPLICATION 
Bus arbitration for MULTIBUS boards using the MELPS 86, 
88 or 8089 


FUNCTION 
The M5L8289P is a bus arbiter for © MULTIBUS boards using 
the MELPS 86, 88 microprocessors. When several proces- 
sors are connected to the system bus (® MULTIBUS), it is 
necessary to prevent two or more processors from attemp- 
ting to access the system bus simultaneously. 

This function is performed by the M5L8289P, which de- 
codes the processor status, and if access to the system bus 


BLOCK DIAGRAM 


o 


ARBITRATION 


STATUS 


STATUS 
GENERATOR 


INPUTS 


LOCK INPUT LOCK 

CLOCK INPUT CLK 

COMMON BUS eee GROLGK 

PROCESSOR J RESIDENT BUS MQDE RESB 
CONTROL CONTROL INPUT 

ANY REQUEST INPUT ANYRQST 

1OB 


CONTROLLER 


1/O BUS MODE 
CONTROL INPUT 
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PIN CONFIGURATION (TOP VIEW) 


STATUS INPUT 5; >| 1] 


Voc (5V) 
' 1/0 BUS MODE ae S 
CONTROL INPUT STATUS 
SYSTEM BUS/ — {| INPUTS 
RESIDENT BUS Svs — S 
SELECTION INPUT 
RESIDENT BUS 
MODE RESB —| 4] 
CONTROL INPUT 


BUS CLOCK gar; 
INPUT BOLK 


INITIALIZE a7 
inpuT NIT (6) 


______ COMMON 
+ CROLCK BUS LOCK 
INPUT 


7 REQUEST 
ANYRQST put 


___ ADDRESS 

— KEN ENABLE 
OUTPUT 
COMMON BUS 

** CBRQ Request 


«+ BUSY BUSY 


d68¢c8 1SW 


BUS REQUEST =sex 
ouTPUT BREQ *~ 


BUS PRIORITY we 
ouTpuT BPRO 
BUS PRIORITY =sac 
INPUT BPRN ~ 9 


(0V) GND 


Outline 20P4 





is required; prevents other processors from attempting sys- 
tem bus access by generating the required control signals. 


Voc 


ee oe ee 


: Ni 
0 CLK BUS CLOCK INPUT 
SYSTEM BUSF BREQ BUS REQUEST OUTPUT 
INTERFACE b BPRN BUS PRIORITY INPUT 
: BPRO BUS PRIORITY OUTPUT 
; BUSY BUSY 
0 CBRQ COMMON BUS REQUEST 


INITIALIZE INPUT 


SYSTEM 
BUS 


LOCAL BUS | 
INTERFACE 


AEN ADDRESS ENABLE 
OUTPUT 


LOCAL 


system Bus | BUS 


SYSB/RESB RESIDENT BUS 
SELECTION 
INPUT 
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FUNCTIONAL DESCRIPTION 

The M5L8289P decodes the status signals So~ So from the 
processor, and requests system bus privileges or surrenders 
them. The conditions for such operation are shown in Table 
1. As shown in the Table 1, the following four modes are 
possible for use with boards of various types. 

(1) Single Bus Mode 

In this mode there is neither memory nor I/O ports on the 
board, and the processor accesses only the system bus. 

(2) 1/O Bus Mode 

In this mode I/O ports exist on the board, and the processor 
accesses only these. For this mode the M5L8289P outputs a 
system bus request signal only for memory access. 

(3) Resident Bus Mode 

In this mode both memory and/or |/O port(s) exist on the 
board and the processor can access both on the system 
bus. In this mode the chip select signal (active low) for I/O 
ports and memory on the system bus is input to SYSB/ 
RESB. By doing this, when the I/O port(s) and memory on 
the board are accessed, the M5L8289P does not output a re- 
quest signal to the system bus. 

(4) I/O Bus Mode Resident Bus Mode 

In this mode both I/O ports and memory are existent on the 
board, and only the I/O port on the board is accessed. 

In this mode the chip select signal (active low) for mem- 
ory on the board is input to SYSB/RESB. By doing this, the 
M5L8289P outputs a request signal to the system bus when 
system memory is accessed. 

In addition, the M5L8289P has the following control inputs. 
@ LOCK 

This signal locks the bus arbitrate function when it is low, 

the M5L8289P continues to output a request signal to the 

system bus, and once acquired, setting LOCK to a high 
level retains bus privileges until the conditions listed in 

Table 1 are satisfied. Normally, this input is connected to 

th LOCK output of the processor. 
@ CRQLCK 

This signal locks the arbitrate function by CBRQ. When 

set to low, the bus privilege surrender conditions listed 

in Table 1 in which CBRQ are input, are ignored. This in- 
put is set to low level when it is desired to prevent low- 
priority arbiters from acquiring bus privileges. 

@ ANYRQST 

Even after one bus access has been completed, the 

M5L8289P does not surrender bus privileges until the 

surrender conditions listed in Table 1 are satisfied. 

However, by setting the ANYRQST input to high, the bus 

can be freed after each single access, thereby facilitat- 

ing the acquisition of bus privileges by low-priority arbi- 
ters. 
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Table 1 M5M8289P Modes and Bus Request and surrender Conditions 


nn ee err Recenter incited 
10B 1OB=H 1OB=L IOB=H 
Command So Si So RESB=H | SYSB/RESB 


RESB H|SYSB/RESB=H|SYSB/RESB=L| sid 
en ae 
orem [O01 

















{(/O Write 


x 


x 





OC severe A request signal is output by the system bus. 
MK sreeee The system bus privileges are surrendered 


| input Bus request condition 
Bus surrender condition (Note 1) 
RESB (excluding halt and passive cycles) 


Resident bus ae ((SYSB/RESB=L+T1):CBRQ) 
H (SYSB/RESB=high) (Bus access state) 
mode only +HLT+HPBROQ 
(I/O Access state+T1)*CBRQ)+HLT 
1/O Bus mode only L L All memory access states 
+HPERQ 
I/O Bus mode ((1/O Access state +(SYSB/RESB=low))- 
L H (SYSB/RESB=high) -(Memory access states) 
resident bus mode CBRQ + HPBRQ HLT +HPBRQ 


Note 1: When LOCK=low, the bus is not released under any circumstances. 


When CRQLCK=!low, the bus is not released even when low-priority arbiters request it 
2: HLTresecesseeee Halt state 

Tlevsereseeeeeees idle (passive) state 

CBRQ:::*:*+:: CBRQ=low 

HPBRQ :::::: Indicates that a high-priority arbiter is requesting the bus (BPRN=high) 
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PIN DESCRIPTION 


Common bus 
request lock 
input 


Any request 
input 


System 
bus/resident 
bus selection 


Bus priority 
input 


Bus priority 
output 


Common bus 
request 


Address 
enable input 
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Input or 
Function 
output 





Status input from the processor. The M5L8289P decodes this signal and based on it, requests or surren- 
ders bus privileges. 


In 
This is the same clock input as used on the processor, and used for decoding of the status It receives the 
clock from the M5L8284AP 


This ts the lock input signal from the processor When LOCK=low, the M5L8289P will, in no circumstances, 
surrender bus privileges. 


This ts the lock signal for arbitration from a common bus request When CRQLCK= low, the M5L8289P 
ignores bus surrendering conditions by signal CBRQ 


This is the M5L8289P mode setting input When RESB=high, the M5L8289P Is in the resident bus mode 


This is an M5L8289P mode setting input. When IOB=lIow, the M5L8289P is in the 1/O bus mode. 


This controls the bus surrendering conditions for the M5L8289P When ANYRQST= low, the M5L8289P re- 
leases the bus under the conditions listed in Table 1 When ANYRQST=high, as soon as CBRQ goes low, 
the bus 1s released. Therefore, by setting ANYRQST to high and CBR@Q to low, the M5L8289P can be made 
to release the bus after a single access 


This input ts valid when the M5L8289P ts in the resident bus mode. When SYSB/RESB= low, this means 
that the processor is accessing the bus on the board, and the M5L8289P does not output a request to the 


system bus. When SYSB/RESB=high, this indicates that the processor is accessing the system bus, and 
the M5L8289P outputs the request signal to the system bus 


This ts the clock for arbitration of other boards. The M5L8289P performs arbitration in synchronous with this 
clock. It is fed from the system bus BCLK signal. 


This line resets the arbitration circuit. Immediately after resetting, none of the arbiters have system bus 
privileges. This input is fed from the system bus INIT signal 


This signal requests system bus privileges It is used as the system bus BREQ signal 


This signal indicates whether a high-priority arbiter has requested privileges or not When BPRN= low, a 
high-priority arbiter has not requested privileges and when BPRN=high, this indicates that a high-priority 
arbiter has requested privileges This input ts fed from the system bus BPRN signal. 


This signal indicates whether the M5L8289P or high-order arbiter has requested the bus When BPRO= 
low, there was a bus request and when BPRO=high, there was no bus request This signal is used as the 
system bus BPRO signal 


bus privileges, a low-level output (open collector) is made This signal is used as the system bus BUSY 


This signal indicates that the system bus has been acquired When BUSY=low, the bus is busy and when 
In/Out BUSY=high, it indicates that no arbiter has acquired the bus privileges. When the M5L8289P has acquired 
signal. 


This signal indicates when any arbiter has requested the system bus. When CBRQ=low, the M5L8289P re- 
In/Out leases the bus according to the conditions listed in Tablel. When making a request of the system bus, 
CBRQ is output as low (open collector) This signal is used as the system bus CBRQ signal. 

This signal informs the bus buffer on the board that the system bus has been acquired It is connected to 
the address and data buffer outputs, and the output enable line on the board as well as the M5L8288P AEN 


line 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 


Input voltage 
Vo 


Wee Output voltage 
Operating temperature 
Storage temperature 









Limits 
Parameter 
Min Max 

5.5 


High-level output | BUSY, CBRQ, Von=2. 4V Open collector 
current Other output, VoHnZ2. 4V a 
BUSY, CBRQ, Vor <0. 45V 
AEN Voi <0. 45V 


BPRO, BREQ, VoL_S0. 45V 


Low-level output 


current 
















Low-level 











output voltage 


men = ae 
BPRO, BREQ lov=10mA | 


y High-level BUSY, CBRQ Open collector 
OH ee eee Vv 
output voltage _| AEN, BPRO, BREG low = 400400 7 a 


Low-level input current Voc=5. 50V, Ve=0. 45V 
























hie 


i eal = 

inn [Habeveinpitcunen =i Mee ems SCY 

a 
cr a 
sine ae 


Status 
Cin Input capcitance f=1MHz, Vezas=2. 5V 
Others 


2 
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TIMING REQUIREMENT (Ta=0~75C , Vec=5V+10% , unless otherwise noted) 


Alternate 
Parameter Test conditions 
symbol 


CLK cycle period 125 
CLK"L" pulse width 
CLK"H” pulse width 
Status active setup time 
th(s6~s3) Status active hold time tcnHsv 
Status inactive setup time 
Status inactive hold time 
LOCK inactive hold time 
LOCK active setup time 
SYSB/RESB setup time toLsri 
SYSB/RESB hold time 
BPRN f | to BCLK setup time 
BUSY ft | to BCLK | setup time teyseL 
CBRQt | to BCLK | setup time 
INIT pulse width 





Limits 









= 
s 
+ 
< 
ao] 
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- 








toro-10 


torcr-10 
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SWITCHING CHARACTERISTICS (Ta=0~75C , Voct5V+5% , unless otherwise noted) 


Alternate 
Symbol Parameter Test conditions 
symbol 


BCLK-BREQ, | Delay time 
BCLK-BPROT, | 
teLH(BPRO) taLPoH 
; Delay time (See note 2) 
BPRNt, }—BPROT } 
teHL(BPRO) ; ; tenro 
Delay time (See note 2) 


BCLK~BUSY 
tp_z(BUSsyY) teiByYH 
Float time (See note 3) 


teu(EN) | BOLK-AEN, | Delay time 


BCLK-+CBRQ Delay time 
tpLz(GBRQ) teicBH 
: (See note 3) 


ft | Output fall tme (See note 4, 5) 2. 0V~0. 8V 


Note 1: Symbol ft, } means rise signal and fall signal. 
2: BCLK generate the first BPRO and then BPRO changes lower in the chain are generated through BPRN. 
3° Measured at 0.5V above GND 
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Limits 
Unit 
Ty 
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Note 4 A.C. test wave form. 





2.4 

: — [1s Tes pom —= 1s > 
1.5——— Test point ——» 1.5 

O78! coc: 

0. 





Note 5 Load circuit 


8289 
C.=100pF 
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TIMING DIAGRAM 


State 4 qT ur T3 T, 
twicck) 
ou ae 


th( Tock) 


SYSB/RESB (2) 


tsu(syse/RESB) 


th(syse/RESB) 


(3) 








AEN 
tpHL(BREQ) tPLH(AEN) i 
tw(BCUKR) te(BCLK) 
BCLK 
ee tpHL(BREQ) 
BREQ #2 
BPRN#2 
(BPRO +1) 
BPRO #2 
(BPAN#3) tsu(Busy) 
BUSY 
tpHL(CBRa) 
CBRQ 
tsu(Busy) 


tpiz(CBRO) 


Note 1 : LOCK can be active during any state as long as the relation ships shown above with the 
respect to CLK are maintained. 
LOCK can be inactive asynchronously 


CRQLCK is an asynchronous input signal. 
2: Noise is permitted during this time After ¢2 of Tl and before 41 of T4 should be stable 


3: AEN negative-edge is related to CLK, positive-edge to CLK. 
ANE positive-edge is generated after as ricrity is lost 
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DESCRIPTION 

The M5M81C55P-2 is the 2K-bit RAM (256-word by 8-bit) 
fabricated by the silicon gate CMOS technology. This LSI 
has 3 I/O ports and a 14-bit counter/timer which make it a 
good extension of the functions of an 8-bit microcomputer. 
It is housed in a 40-pin plastic molded DIP. 

And preparatory for surface equipment M5M81C55FP-2 
(SOP) and M5M81C55J-2 (PLCC). 


FEATURES 

Having internal anti-circuit on RESET and ALE 
Single 5V supply voltage 

TTL compatible 

Power down mode 

Timer input > 5MHz (max) 

Read access time : 120ns (max) 
Static RAM: 256-word by 8-bit 
Programmable 8-bit |/O port: 2 
Programmable 6-bit I/O port: 1 
Programmable counter/timer: 14-bit 
Multiplexed address/data bus 


APPLICATION 


Extension of I/O ports and timer function for microprocesser 


FUNCTION 

The M5M81C55P-2 is composed of RAM, !/O ports and 
counter/timer. The RAM is a 2K-bit static RAM organized 
as 256-word by 8-bit. The !/O ports consist of 2 programm- 
able 8-bit ports and 1 programmable 6-bit port. The termin- 
als of the 6-bit port can be programmed as control termin- 
als for the 8-bit ports, so that the 8-bit ports can be oper- 
ated in a handshake mode. The counter/timer is composed 
of 14-bit down counter (events or time) and it can generate 
square wave pulses that can be used for counting and 
timing. 


PIN CONFIGURATION 


| PC3 ot 1 
| PCy] 2 | 
TIMER INPUT TIMER IN— 
RESET iNpuT RESET —|4 | 
1/0 PORTC PCs 


1/0 PORT C 


TIMER OUTPUT TIMER OUT ~L& 


IO/MEMORY 
SELECT INPUT 


CHIP ENABLE INPUT CE—L8] 
READ INPUT RD-~L9| 


1Oo/M~ 


WRITE INPUT WR -(!0] 


ADDRESS LATCH AL 
ENABLE INPUT 


BIDIRECTIONAL 
ADDRESS/DATA BUS 


Outline Hone 


f=] <— TIMER IN 


TIMER OUT — 


(TOP VIEW) 


40} Voc (SV) 


o-daSSOLBNSW 
iO 
7-dSSOL8SWSW 


(M5M81C55P-2) 


40P2R (M5M81C55FP-2) 


M5M81C55J-2 


Outline 44P0 





NC . NO CONNECTION 
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BLOCK DIAGRAM 


, 


(5V) Vec 
(OV) Vss 


; STATIC RAM 
C) (256-WORD X8-BiT) 
BIDIRECTIONAL DATA BUS 


ADDRESS/DATA BUS BUFFER 


8-BIT INTERNAL 
DATA BUS 


RESET INPUT RESET O eas 
IO/MEMORY SELECT INPUT IO/M (_) 
READ/WRITE 


CHIP ENABLE INPUT CE 
B52] contro 


READ INPUT RD 
WRITE INPUT WR & 
ADDRESS LATCH aLe Ga 


ENABLE INPUT 


CIRCUIT 


TIMER IN TIMER OUT 
TIMER INPUT TIMER OUTPUT 
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OPERATION 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to transfer the 
data while input or output instructions are being executed 
by the CPU. Command and address information is also 
transferred through the data bus buffer. 

Read/Write Control Logic 

The read/write control logic controls the transfer of data 
and commands by interpreting the signals (CE, RD, WR, 
|O/M, ALE, RESET) from CPU. 

Bidirectional Address/Data Bus (AD,~AD7,) 

The bidirectional address/data bus is a 3-state 8-bit bus. 
The 8-bit address is latched in the internal latch by the fall- 
ing edge of ALE. Then if |O/M input signal is at high-level, 
the address of I/O port, counter/timer, or command register 
is selected. If it is at low-level, address of RAM is selected. 
The 8-bit data is transferred by read input (RD) or write in- 
put (WR). 

Chip Enable Input (CE) 

When CE is at low-level, the address information on 
address/data bus is stored in the M5M81C55P-2. 

Read Input (RD) 

When RD is at low-level, the data bus buffer is active. If 
1O/M input signal is at low-level, the contents of RAM are 
read through the address/data bus. If |O/M input is at high- 
level, the contents of selected 1/O port or counter/timer are 
read through the address/data bus. 

Write Input (WR) 

When WR is at low-level, the data on the address/data bus 
are written into RAM if |O/M is at low-level, or they are 
written into [/O port, counter/timer or command register if 
1O/M is at high-level. 

Address Latch Enable Input (ALE) 

An address on the address/data bus is latched in the 
M5M81C55P-2 on the falling edge of ALE along with the 
levels of CE and IO/M. 

1O0/Memory Input (1O/M) 

When IO/M is at low-level, the RAM is selected, while at 
high-level the I/O port, counter/timer or command register 
are selected. 

/O Port A (PA)>~PA;) 

Port A is an 8-bit general-purpose I/O port. Input/output 
setting is controlled by the system software. 

V/O Port B (PBy>~PB-) 

Port B is an 8-bit general-purpose |/O port. Input/output 
setting is controlled by the system software. 

1/0 Port C (PC,)>~PC;) 

Port C is a 6-bit 1/O port that can also be used to output 
control signals of port A (PA) or port B (PB). The functions 
of port C are controlled by the system software. When port 
C is used to output control signals of ports A or B, the 
assignment of the signals to the pins is as shown in Table 1. 





Table 1 Pin assignment of control signals of port C 


a 


B STB (port B strobe) 
(port B buffer full) 
(port B interrupt) 

(port A strobe) 
( 
( 








port A buffer full) 
port A interrupt) 





Timer Input (TIMER IN) 

The signal on this input terminal is used by the counter/tim- 
er for counting events or time. (5MHz max.) 

Timer Output (TIMER OUT) 

A square wave signal or pulse from the counter/timer is 
output through this pin when in the operation mode. 
Command Register (8-bit) 

The command register is an 8-bit latched register. The low- 
order 4 bits (bits 0~3) are used for controlling and deter- 
mination of mode of the ports. Bits 4 and 5 are used as in- 
terrupt enable flags for ports A and B when port C is used 
as a control port. Bits 6 and 7 are used for controlling the 
counter/timer. The contents of the command register are 
rewritten by output instructions (I/O address XXXXX000). 
Details of the functions of the individual bits of the com- 
mand register are shown in Table 2. 


Table 2 Bit functions of the command register 


[Br Syms 


PORT A I/O SET 1, Output port A 
0: Input port A 
re PORT B I/O SET 


4 PORT A INTERRUPT 
ENABLE FLAG 


ae PORT B INTERRUPT 











1: Output port B 
0. Input port B 


00 ALT 
11. ALT2 
01. ALT3 
10 ALT4 















1: Enable interrupt 
0. Disable interrupt 





1: Enable interrupt 
0 Disable interrupt 





ENABLE FLAG 
COUNTER/TIMER CONTROL 







TM1 | 99. 
0 








No influence on counter/timer operation 

‘Counter/timer operation discontinued (If not already 
stopped) 

10 Counter/timer operation discontinued after the current 





— 













counter/timer operation is completed 
. Counter/timer operation started 





1 


_ 
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Status Register (7-bit) 

The status register is a 7-bit latched register. The low-order 
6 bits (bits 0~5) are used as status flags for the I/O ports. 
Bit 6 is used as a status flag for the counter/timer. The con- 


Table 3. Bit functions of the status register 





tents of the status register are transferred into the CPU by 
reading (INPUT instruction, |/O address XXXXX000). De- 
tails of the functions of the individual bits of the status reg- 
ister are shown in Table 3. 














limit of the counter/timer is 
reached and ts reset to 0 when th 
status ts read / 


COUNTER/TIMER INTERRUPT 





This flag 1s set to 1 when the final \ 
e 





This bit ts not used 





/O PORTS 

Command/status registers (8-bit/7-bit) 

These registers are assigned address XXXXX000. When an 
OUTPUT command is executed, the contents of the com- 
mand register are rewritten. When an INPUT command is 
executed, the contents of the status register are read. 

Port A Register (8-bit) 

Port A Register is assigned address XXXXX001. This regis- 
ter can be programmed as an input or output by setting the 
appropriate bits of the command register as shown in Table 
2: 

Port A can be operated in basic or strobe mode and is 
assigned !/O terminal PAo~PA?. 


Table 4 Functions of port C 


State 
ALT 2 


Port B Register (8-bit) 

Port B register is assigned address XXXXX010. As with Port 
A register, this register can be programmed as an input or 
output by setting the appropriate bits of the command reg- 
ister as shown in Table 2. Port B can be operated in basic 
or strobe mode and is assigned |/O terminals PBy~PBv. 
Port C Register (6-bit) 

Port C register is assigned address XXXXX011. This port is 
used not only for input or output but also for controlling in- 
put/output operations of ports A and B by selectively set- 
ting bits 2 and 3 of the command register as shown in Table 
2. Details of the functions of the various setting of bits 2 and 
3 are shown in Table 4. Port C is assigned !/O terminals 
PCo~ PCs. When used as port control signals, the 3 low- 
order bits are assigned for port A while the 3 high-order 
bits are assigned for port B. 


ALT 4 





a Output 


Output 

Output 

Output 

A STB (port A strobe) 

A BF (port A buffer full) 
A INTR (port A interrupt) 


Output 


Output 
Output 
Output 
Output 











B STB (port B strobe) 

B BF (port B buffer full) 
B INTR (port B interrupt) 
A STB (port A strobe) 

A BF (port A buffer full) 
A INTR (port A interrupt) 
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CONFIGURATION OF PORTS 

A block diagram of 1 bit of ports A or B is shown in Fig. 1. 
While port A or B is programmed as an output port, if the 
port is addressed by an input instruction, the contents of 
the selected port can be read. When a port is put In input 
mode, the output latch is cleared and writing into the output 


INTERNAL 
DATA BUS 


WR PORT 


Fig. 1 Configuration for 1 bit of port A or B 


Table 5 Basic functions of I/O ports 


wr 
AD bus + Status register 
XXXXX000 


Command register + AD bus 
XXXXX001 
XXXXX010 

AD bus + Port C 


XXXXX011 
Table 6 Port control signal levels at ALT3 and ALT4 




















R 
L 
H 
L Port B — AD bus 


L 














latch is disabled. Therefore when a port is changed to out- 
put mode from input mode, low-level signals are output 
through the port. When a reset signal is applied, all 3 ports 
(PA, PB, and PC) will be input ports and their output latch- 
es are cleared. Port C has the same configuration as ports 
A and B in modes ALT1 and ALT2. 


ra EXTERNAL PIN 


Ga AOR 
PORT B 


WR PORT=!IO/M:WR:CE 
(PORT ADDRESS SELECTED) 
. RD PORT= 10/M-RD:CE 
(PORT ADDRESS SELECTED) 
. MULTIPLEX CONTROL 
*1 STROBE INPUT MODE 
*2 INPUT MODE 
*3 OUTPUT MODE 
. MD=1 : OUTPUT MODE 
0 - INPUT MODE 


The basic functions of the I/O ports are shown in Table 5. 
The control signal levels to ports A and B, when port C is 
programmed as a control port, are shown in Table 6. 


COUNTER/TIMER 

The counter/timer is composed of a 14-bit counting register 
and 2 mode flags. The register has two sections: I/O 
address XXXXX100 is assigned to the low-order 8 bits and 
1/O address XXXXX101 is assigned to the high-order 6 bits 
and timer mode flag 2 bits. The low-order bits 0~13 are 
used for counting or timing. The counter is initialized by the 
program and then counted down to 0. The initial value can 
be ranged from 2:6 to 3FFFis. Bits 14 and 15 are used as 





mode flags. 

The mode flags select 1 of 4 modes with functions as fol- 

| 

=o lows: 
p STB imu fmt Mode 0: Outputs high-level signal during the former 

half of the counter operation 
Pn a Outputs low-level signal during the latter half 
of the counter operation 
MITSUBISHI 
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Table 7 Format of counter/timer Mode 1: Outputs square wave signals as in mode 0 


Mode 2: Outputs a low-level pulse during the final 
eee 














. count down 
Mode 3: Outputs a low-level pulse during each final 
The low-order 8 bits of the 
counter register 


Starting and stopping the counter/timer is controlled by 
bits 6 and 7 of the command register (see Table 2 for 
details). The format and timer modes of the counter/timer 


M2,M1: Timer mode 
XXXXXK101IM2|My/!T13/T12!T 11 Tg/ Ts Ta~Ts The high-order 6 bits 
of the counter register 
register are shown in Table 7 and Table 8. 


Table 8 Timer mode The contents of counter/timer is not affected by a reset, but 
counting is discontinued. To resume counting, a start com- 
mand must be written into the command register as shown 
ie] high-! I Id the f half of the counter operation . 7 . ‘ 
bsg. | apne (Sule laura ailing hedaher hale the soantee teone in Table 2. While operating 2n+1 count down In mode 0 
mode) and mode 1, a high-level signal is output during the former 
0 Outputs square wave signals in mode 0 (mode 1) n+1 counting and a low-level signal is output during the la- 
ter n counting. 
1 Outputs a low-level pulse during the final count down 
(mode 2) 
1 1 Outputs a low-level pulse during each final count down 
(mode 3) 












RAM Hold Mode at Low Voltage 

(Power Down Mode) 

Power down mode starts when the ALE input is fixed at 
low-level and other inputs at high or low-level after high- 
level of CE input in M5M81C55P-2 is latched by the falling 
edge of the ALE input. 

The contents of RAM are not affected, even if Vcc falls into 
2 V in power down mode. 





RESET 

The M5M81C55P-2 is reset by 400ns(min) pulse input on 
RESET pin. 

By reset, all 3 ports are set to input mode. And counter/tim- 
er stops but contents of counter/timer is not reset. There- 
fore it is necessary to input start command again. 


ABSOLUTE MAXIMUM RATINGS 


Veo |[SweywiageSSCSC“~*~*S 
TVvo[ouputwiage SC 


Voc 

Vi 

Vo 

ne Output current “H” level and force same current 

Me Output current “L” level and force same current 
[ Topr | Operating ree-airtemperaturerange | 
 Tetg | Storage temperature range SSCiSSSCSC~C~—CSCSCS 














RECOMMENDED OPERATING CONDITIONS (12=—20~75°C unless otherwise noted) 


Fed IE ss on ee 


[Ves | suppyvotage(ano) dT | CTT 
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ELECTRICAL CHARACTERISTICS (ta=—20~75°, Vec=5V+10%, Vss=OV unless otherwise noted) 


Vin | High-level input voltage 
Ve | Low-level input voltage 


: lon =—400uA 
High-level output voitage 
lon= —20uA 


L Vor Low-level output voltage lop =2mA 
Input leak current Vi=0V, Voc 





Ci/o Input/output terminal capacitance Vivol=0V, f=1MHz, 25mVrms, Ta=25°C 
Supply current from Voc (operating 
Supply current from Voc (stand by) , V,=0V, Veo 


Note 5 : Current flowing into an IC is positive, out is negative. 


Vin 
Vie 
Vou 
Voi 
| loz Output floating leak current 
Input terminal capacitance Vic=0V, f=1MHz, 25mVrms, Tg=25°C 





POWER DOWN ELECTRICAL CHARACTERISTICS (Tag=—20~75C, Vss=OV unless otherwise noted) 


Symbol Parameter Test conditions [Min | Typ 
Typ 


Power down supply current from Vcc Voec=2V, other inputs=0V ee ae 








TIMING REQUIREMENTS (Ta=—20~75C, Voec=5V+10%, Vss=OV unless otherwise noted) 


| 
Symbol Parameter Test conditions 


Typ 
a 















i" 
Unit 


NO 
(2) ~S GW) W 


—_ 
(a) 
oO 






N 
Oo 
© 


o1 
oO 


thc r-P) Port hold time after read 
Strobe pulse width 
Port setup time before strobe 


ned 
ol 
[o) 


—* 
io) 
fo) 





N | R 
oO;oO SN 
oO|o [o) 

aj/—|/O 

oO;1oQ 

81 8| 
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SWITCHING CHARACTERISTICS (Ta=—20~75C, Voc=5V+10%, Vss=OV unless otherwise noted) 


: 
Symbol Parameter Test conditions 
Propagation time from read to data output 
Propagation time from address to data output 
Propagation time from read to data floating (Note 6) 
BRUNE) Propagation time from write to data output 
, 
-BF) 
- C. = 150pF 
-BF) 














: 


Propagation time from timer input to timer output 
teLH( ¢-ourT) 


Note 6 : Test conditions are not applied. 
7 : A.C Testing waveform 


Input pulse level 0. 45~2. 4V 2.4 

Input pulse rise time 10ns 0. 45 0.8 0.8 
Input pulse fall time 10ns ° 

Reference level input Vin=2V, ViL=0. 8V 


output Von=2V, Vo_=0. 8V 





ans MITSUBISHI 
ELECTRIC 


MITSUBISHI LSIs 


MSM81C55P-2/FP-2/J-2 


CMOS 2048-BIT STATIC RAM WITH I/O PORTS AND TIMER 





TIMING DIAGRAM 


Basic output 


PORT 4 
teHe(w—p) 
teLH(w—p) 

WR 
= tives sf ee 


tdi_—rw) thiw—pDa) 


i. pt 


ADo~ AD? ( ADDRESS Y - ( DATA y 





Basic input 
thir—P) 
RD 

= Se toirw) 
tdi_— AW) tezviR—Da) tdiRw—L) 
tpvzir—DQ) : 
. a ae: 

CE ne 

a 
ADy~AD, ( ADDRESS ) K ™ DATA » 
“ on ne 

twiL) 
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Strobed output 







PORT 
teLH(w—P) 
teHi(w—P) 
WR 
teHi(Ww—INTR) 
INTR 
teLH(sTB—INTR) 
teLH(w—BF) 
BF 
tpHL(sta—BF) ea 
STB 


Strobed input 


tsu(p—stB) thistB—P) 





STB 
teLH(stB—inTR) 
teLH(sta—BF) 
BF 
tpHL(R—BF) 
INTR 
teHL(R—-INTR) eee 
RD - 
Timer (Note 8) 
1 5 4 3 2 1 5 
TIMER IN f . 
aa tw H) 
tris) the) 
tes) 
TIMER OUT Vemma e/ (Note 9) 






(PULSE MODE) teHL( ¢ — our) 


teLH( § — 
tpHL( ¢ —ouT) Ee our) 


TIMER OUT ? 
(SQUARE WAVE MODE)” TTT (Note 9) 


/ 


WR 
tdiw—¢) 


TIMER IN 


Note 8 : The wave form is shown for the case of counting down from 5 to 1. 
9 - Aslong as the MI mode flag of the timer register is at 
high-level, pulses are continuously output 
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DESCRIPTION 

The M5M81C56P-2 is the 2K-bit RAM (256-word by 8-bit) 
fabricated by the silicon gate CMOS technology. This LSI 
has 3 1/O ports and a 14-bit counter/timer which make it a 
good extension of the functions of an 8-bit microcomputer. 
It is housed in 40-pin plastic molded DIP. 

And preparatory for surface equipment M5M81C56FP-2 
(SOP) and M5M81C56J-2 (PLCC). 


FEATURES 
Having internal anti-circuit on RESET and ALE 
Single 5V supply voltage 
TTL compatible 
Power down mode 
Timer input : 5MHz (max) 
Read access time : 120ns (max) 
Static RAM: 256-word by 8-bit 
Programmable 8-bit I/O port: 2 
Programmable 6-bit I/O port: 1 
Programmable counter/timer’ 14-bit 
Multiplexed address/data bus 


APPLICATION 


Extension of I/O ports and timer function for microprocesser 


FUNCTION 

The M5M81C56P-2 is composed of RAM, I/O ports and 
counter/timer. The RAM is a 2K-bit static RAM organized 
as 256-word by 8-bit. The I/O ports consist of 2 programm- 
able 8-bit ports and 1 programmable 6-bit port. The termin- 
als of the 6-bit port can be programmed as control termin- 
als for the 8-bit ports, so that the 8-bit ports can be oper- 
ated in a handshake mode. The counter/timer is composed 
of 14-bit down counter (events or time) and it can generate 
square wave pulses that can be used for counting and 
timing. 


PIN CONFIGURATION (TOP VIEW) 


1/0 PORT C 


| PCs 
PC, + 


TIMER OUTPUT TIMER OUT 


|O/MEMORY 

SELECT INPUT 
CHIP ENABLE INPUT 

READ INPUT 


WRITE INPUT 


ADDRESS LATCH 
ENABLE INPUT 


BIDIRECTIONAL 
ADDRESS/DATA BUS 


Outline 


TIMER OUT — 





OUT 


lo/M— 
CE ~L8] 


c-da9SOL8SWSW 
cc-d9SOLSNSW 


40P4 (M5M81C56P-2) 
40P2R (M5M81C56FP-2) 


— TIMER IN 


MS5M81C56J-2 


Outline 44P0 
NC : NO CONNECTION 
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(5V)Vec 


BLOCK DIAGRAM 5 
(OV)Vss O 


STATIC RAM 


(256-WORD X8-BIT) 


BIDIRECTIONAL DATA BUS 
ADDRESS/DATA BUS BUFFER 


8-BIT INTERNAL 
DATA BUS 


RESET INPUT RESET 
10/MEMORY SELECT INPUT 10/M soapy 
CHIP ENABLE INPUT CE WRITE 
READ INPUT AD CONTROL 
WRITE INPUT WR at 


ADDRESS LATCH 
ALE 
ENABLE INPUT 14-BIT COUNTER/TIMER 


TIMER IN TIMER OUT 
TIMER INPUT = TIMER OUTPUT 
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OPERATION 

Data Bus Buffer 

This 3-state bidirectional 8-bit buffer is used to transfer the 
data while input or output instructions are being executed 
by the CPU. Command and address information is also 
transferred through the data bus buffer. 

Read/Write Control! Logic 

The read/write control logic controls the transfer of data 
and commands by interpreting the signals (CE, RD, WR, 
1O/M, ALE, RESET) from CPU. 

Bidirectional Address/Data Bus (ADp~AD-,) 

The bidirectional address/data bus is a 3-state 8-bit bus. 
The 8-bit address is latched in the internal latch by the fall- 
ing edge of ALE. Then if |O/M input signal is at high-level, 
the address of |/O port, counter/timer, or command register 
is selected. If it is at low-level, address of RAM is selected. 
The 8-bit data is transferred by read input (RD) or write in- 
put (WR). 

Chip Enable Input (CE) 

When CE is at high-level, the address information on 
address/data bus is stored in the M5M81C56P-2. 

Read Input (RD) 

When RD is at low-level, the data bus buffer is active. If 
1O/M input signal is at low-level, the contents of RAM are 
read through the address/data bus. If |1O/M input is at high- 
level, the contents of selected I/O port or counter/timer are 
read through the address/data bus. 

Write Input (WR) 

When WR is at low-level, the data on the address/data bus 
are written into RAM if 1O/M is at low-level, or they are 
written into I/O port, counter/timer or command register if 
1O/M is at high-level. 

Address Latch Enable Input (ALE) 

An address on the address/data bus is latched in the 
M5M81C56P-2 on the falling edge of ALE along with the 
levels of CE and |O/M. 

10/Memory Input (10/M) 

When 1IO/M is at low-level, the RAM is selected, while at 
high-level the I/O port, counter/timer or command register 
are selected. 

Port A is an 8-bit general-purpose |/O port. Input/output 
setting is controlled by the system software. 

V/O Port B (PBy~PB;) 

Port B is an 8-bit general-purpose I/O port. Input/output 
setting is controlled by the system software. 

V/O Port C (PC)~PC;) 

Port C is a 6-bit 1/O port that can also be used to output 
control signals of port A (PA) or port B (PB). The functions 
of port C are controlled by the system software. When port 
C is used to output control signals of ports A or B, the 
assignment of the signals to the pins is as shown in Table 
1. 





Table 1 Pin assignment of control signals of port C 


A 


(port B strobe) 
(port B buffer full) 


(port B interrupt) 
(port A strobe) 
(port A buffer full) 
(port A interrupt) 





Timer Input (TIMER IN) 

The signal on this input terminal is used by the counter/tim- 
er for counting events or time. (5>MHz max.) 

Timer Output (TIMER OUT) 

A square wave signal or pulse from the counter/timer is 
output through this pin when in the operation mode. 
Command Register (8-bit) 

The command register is an 8-bit latched register. The low- 
order 4 bits (bits 0~3) are used for controlling and deter- 
mination of mode of the ports. Bits 4 and 5 are used as in- 
terrupt enable flags for ports A and B when port C is used 
as a control port. Bits 6 and 7 are used for controlling the 
counter/timer. The contents of the command register are 
rewritten by output instructions (I/O address XXXXX000). 
Details of the functions of the individual bits of the com- 
mand register are shown in Table 2. 


Table 2 Bit functions of the command register 


PORT A I/O SET 1 Output port A 


0 Input port A 
PORT B I/O SET 1 Output port B 


0 Input port B 


00 ALTI 
11 ALT2 
01 ALT3 
10 ALT4 


PORT C SET 


PORT A INTERRUPT 
ENABLE FLAG 


PORT B INTERRUPT 
ENABLE FLAG 


1 Enable interrupt 
0 Disable interrupt 


1 Enable interrupt 
0 Disable interrupt 


No influence on counter/timer operation 

- Counter/timer operation discontinued (If not already 
stopped) 
Counter/timer operation discontinued after the current 


counter/timer operation is completed 


. Counter/timer operation started 
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Status Register (7-bit) 
The status register is a 7-bit latched register. The low-order 
6 bits (bits 0~5) are used as status flags for the I/O ports. 


tents of the status register are transferred into the CPU by 
reading (INPUT instruction, |/O address XXXXX000). De- 
tails of the functions of the individual bits of the status reg- 


Bit 6 is used as a status flag for the counter/timer. The con- 


Table 3. Bit functions of the status register 


Symbol 


PORT B INTERRUPT ENABLE 


ister are shown in Table 3. 


This flag 1s set to 1 when the final 
timit of the counter/timer is 
reached and Is reset to 0 when the 
status is read 


p 7 | = | This bit is not used 


COUNTER/TIMER INTERRUPT 


/O PORTS 

Command/status registers (8-bit/7-bit) 
These registers are assigned address XXXXX000. When an 
OUTPUT command is executed, the contents of the com- 
mand register are rewritten. When an INPUT command is 
executed, the contents of the status register are read 

Port A Register (8-bit) 

Port A Register is assigned address XXXXX001. This regis- 
ter can be programmed as an input or output by setting the 
appropriate bits of the command register as shown in Table 
2. 

Port A can be operated in basic or strobe mode and is 
assigned |/O terminal PAg~PAv. 


Table 4 Functions of port C 


ALT | 













Output Output 
Output Output 
Output Output 
Output A STB (port A strobe) 
Output A BF (port A buffer full) 
Output A INTR (port A interrupt) 


















Port B Register (8-bit) 

Port B register is assigned address XXXXX010. As with Port 
A register, this register can be programmed as an input or 
output by setting the appropriate bits of the command reg- 
ister as shown in Table 2. Port B can be operated in basic 
or strobe mode and is assigned I/O terminals PBo~PBy. 
Port C Register (6-bit) 

Port C register is assigned address XXXXX011. This port is 
used not only for input or output but also for controlling in- 
put/output operations of ports A and B by selectively set- 
ting bits 2 and 3 of the command register as shown in Table 
2. Details of the functions of the various setting of bits 2 and 
3 are shown in Table 4. Port C is assigned |/O terminals 
PCy ~ PCs. When used as port control signals, the 3 low- 
order bits are assigned for port A while the 3 high-order 
bits are assigned for port B. 
















B STB (port B strobe) 
B BF (port B buffer full) 
B INTR (port B interrupt) 
A STB (port A strobe) 

A BF (port A buffer full) 
A INTR (port A interrupt) 
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CONFIGURATION OF PORTS 

A block diagram of 1 bit of ports A or B is shown in Fig. 1. 
While port A or B is programmed as an output port, if the 
port is addressed by an input instruction, the contents of 
the selected port can be read. When a port is put in input 
mode, the output latch is cleared and writing into the output 


INTERNAL 
DATA BUS 


WR PORT 


Fig. 1 Configuration for 1 bit of port A or B 


Table 5 Basic functions of I/O ports 


Function 

AD bus + Status register 
Command register «- AD bus 
AD bus + Port A 

Port A «- AD bus 

AD bus + Port B 

Port B «- AD bus 

AD bus + Port C 

Port C + AD bus 


XXXXX010 


XXXXX011 








latch is disabled. Therefore when a port is changed to out- 
put mode from input mode, low-level signals are output 
through the port. When a reset signal is applied, all 3 ports 
(PA, PB, and PC) will be input ports and their output latch- 
es are cleared. Port C has the same configuration as ports 
A and B in modes ALT1 and ALT2. 


ie EXTERNAL PIN 


Guu A OR 
PORT B 


WR PORT=10/M-WR-CE 

(PORT ADDRESS SELECTED) 
. RD PORT= 10/M-RD-CE 

(PORT ADDRESS SELECTED) 
. MULTIPLEX CONTROL 

*1 STROBE INPUT MODE 

*2 INPUT MODE 

*3 OUTPUT MODE 
. MD=1 : OUTPUT MODE 

0 : INPUT MODE 


The basic functions of the I/O ports are shown in Table 5. 
The control signal levels to ports A and B, when port C is 
programmed as a control port, are shown in Table 6. 


COUNTER/TIMER 
The counter/timer is composed of a 14-bit counting register 
and 2 mode flags. The register has two sections: |/O 
address XXXXX100 is assigned to the low-order 8 bits and 
I/O address XXXXX101 is assigned to the high-order 6 bits 
and timer mode flag 2 bits. The low-order bits 0~13 are 
used for counting or timing. The counter is initialized by the 
program and then counted down to zero. The initial value 
can be ranged from 2, to 3FFFi.¢. Bits 14 and 15 are used 
as mode flags. 
The mode flags select 1 of 4 modes with functions as fol- 
lows: 





Mode 0: Outputs high-level signal during the former 
half of the counter operation 
Outputs low-level signal during the latter half 
of the counter operation 
MITSUBISHI 
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Table 7 Format of counter/timer Mode 1: Outputs square wave signals as in mode 0 


Mode 2: Outputs a low-level pulse during the final 
a ae 
ress unctl 
7 e[s{a|3|2]1jo| 










count down 
e Mode 3: Outputs a low-level pulse during each final 
XXXXX1 00 The low order 8 bits of the p p g 
counter register count down 


Starting and stopping the counter/timer is controlled by 

bits 6 and 7 of the command register (see Table 2 for 
details). The format and timer modes of the counter/timer 
register are shown in Table 7 and Table 8. 
The contents of counter/timer is not affected by a reset, but 
counting is discontinued. To resume counting, a start com- 
mand must be written into the command register as shown 
in Table 2. While operating 2n-+1 count down in mode 0 
and mode 1, a high-level signal is output during the former 
Table 8 Timer mode n+1 counting and a low-level signal is output during the la- 
ter n counting. 





M2,M1: Timer mode 
XXXXX101 |Me2 T13IT12/T11/T10) T9| Ts T - The high-order 6 bits 
13™~Ts 
of the counter register 












Timer operation 


Outputs high-level signal during the former half of the counter operation 
Outputs low-level signal during the latter half of the counter operation 
(mode 0) 
aa | Outputs square wave signals in mode 0 (mode 1) 
Outputs a low-level pulse during the final count down 
(mode 2) 
Le 4 Outputs a low-level pulse during each final count down 
| (mode 3) 


RAM Hold Mode at Low Voltage 

(Power Down Mode) 

Power down mode starts when the ALE input is fixed at 
low-level and other inputs at high or low-level after low- 
level of CE input in M5M81C56P-2 is latched by the falling 
edge of the ALE input. 

The contents of RAM are not affected, even if Vcc falls into 
2 V in power down mode. 





RESET 

The M5M81C56P-2 is reset by 400ns(min) pulse input on 
RESET pin. 

By reset, all 3 ports are set to input mode. And counter/tim- 
er stops but contents of counter/timer is not reset. There- 
fore it is necessary to input start command again. 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage i 
Input voltage —0.3~Vec+0. 3 
r 
















With respect to Vss 





Output voltage —0.3~Vcect0. 3 
MAX “H” All output and 1/O pins output 
lonmax ek ==500 LA 
Output current H” level and force same current 
MAX “L” All output and 1/O pins output 
loLmax ees 2.5 mA 
Output current L” level and force same current. 
: Operating ree-ar temperature ee 
Storage temperature range Sd 0550 


Parameter min | Nom _| aK 
| 0 














aa: Re a 


Supply voltage (GND) 
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ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vec= 5 V+10%,Vss=0V unless otherwise noted) 


v ee ee 
v Lee a see ee 
V 
V 
Cc 









ewe 
os 
= 
es 
[Low-level outputvoitage | toutmaA 
fInput leak current Ooo tO 
a 

et 

Rites 

—a 

pene! 






High-level input voltage 
Low-level input voltage 
lon=—400uA 
OH High-level output voltage on 
lon==—20uA 
i 
i 
loc 


Cie | Inputoutput terminal capaciance——*d Wve =.=, 25mvems, Tamas |_| 
Mee | Supply curent rom Vee (operating) ——sCSid mE CCS 
toca | Supply current em Voo (otond by) [Wim Veg —SSSSCid CS 


Note 5 : Current flowing into an IC is positive, out is negative. 


POWER DOWN ELECTRICAL CHARACTERISTICS (ta=—20~75°C, Vss=OVunless otherwise noted) 


Symbol Parameter Test conditions 


Power down supply voltage 
Power down supply current from Vcc Voc=2V, other inputs=0V 













TIMING REQUIREMENTS (tTa=—20~75C, Voc=5V+10%,Vss=0V unless otherwise noted) 


Symbol Parameter Test conditions 
Min Typ 























a a 
P30 | 
Delay time, latch to read/write | 40] |] 
ae a 
as ce eae 
Read/write pulse width | 200, &#+| | 
ke 
Data hold time after write ek i ae 
Read/write cycle time | 20] &2°| #| ons | 
ee a ee ee 
Port hold time after read 10 | fons 
Strobe pulse width eo i ae eae ae 
Port setup time before strobe 0 | | ons 
Port hold time after strobe | 100 | =f ns 
Timer tnput high-level pulse width 70 a a ee 
Timer input low-level pulse width 40 ees al 

tdcw-¢) | Delay time, write to timer input | 20; | | ons | 

toi $) Timer input cycle time 200 | | po | ons | 
100] ns] 
Timer input fall time | | 00 | ins 
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SWITCHING CHARACTERISTICS (Ta=—20~75, Vec= 5 V£10%,Vss=O0V unless otherwise noted) 


Limits 
yp 


Symbol Parameter Test conditions 


3 


tpzv(R-pDa) Propagation time from read to data output 


tpzv(a-DaQ) Propagation time from address to data output 


tpyz(R-pq) | Propagation time from read to data floating (Note 6) 


t Z 
PHL(W-P) Propagation time from write to data output 
teLH(w-P) 


teLH(sTB-BF) Propagation time from strobe to BF flag 





Wi — 
W|R 
O;O 





tpHL(rR-BF) Propagation time from read to BF flag 
tpLH(stB-intR) | Propagation time from strobe to interrupt 


tpHL(R-INTR) Propagation time from read to interrupt 
teLH(w-BF) Propagation time from write to BF flag 


teHL( 4-0 
eon Propagation time from timer input to timer output 


Ww 
OQ 


Wi w 
o;o 
O;O 


W 





Wid | Ww 
oO;o;o 
O;,;oO;O 


teLH( 4 -ouT) 


Note 6 : Test conditions are not applied 
7: AC Testing waveform 


Input pulse level 0. 45~2. 4V 2.4 2 2 
Input pulse rise time 10ns 0. 45 0.8 0.8 
Input pulse fall time 10ns ; 

Reference level input Vin=2V, Vii =0. 8V 


output Von=2V, Vo_=0. 8V 
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TIMING DIAGRAM 
Basic Output 


PORT / 
tpHL(w—P) 
teLH(w—p) 
WR 
oa tore 
tdiL—Rw) thw—pa) 


10/M 
; _ | /— 
ADo~AD?7 4 ADDRESS » = ( DATA ) 
tdiaw-L) 
ALE 
tw(L) 







Basic Input 
thcr—p) 
RD : 

tdi.—rw) 
1O/M 
CE 

tpzvja— pq) 
ES Pe 
ADo~AD,7 ' ADDRESS Yy 


ALE 
twiL) 
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Strobed output 











PORT 
tpLH(w—P) 
tpHi(w—P) 
WR 
teHL(W—-INTR) 
INTR 
teLH(STB—INTR) 
teLH(w-BF) 
BF 
tpHL(sTB—BF) A 
STB : 
Strobed input 
tsu(p—ste) bed thistB—p) 
STB 3 
aie teLH(sTB—INTA) 
teLH(stB—BF) 
BF 
tpHL(R—BF) 
INTR 
teHL(R—INTR) be 
RD ° 
Timer (Note 8) ° 
] 5 4 3 2 ] 5 
TIMER IN f ; 
twodud)} twodéH) 
trv, th) 
tors) 
TIMER OUT Le (Note 9) 
(PULSE MODE) tpHe( ¢ —ouT) 
t = 
tenet hceus PLH( # —OUT) 
TIMER OUT ene ea 
(SQUARE WAVE MODE) (Note 9) 
WR 
tdiw-¢) 
TIMER IN 
Note 8 - The wave form ts shown for the case of counting down from 5 to 1 
9 . Aslong as the M1 mode flag of the timer register !s at 
high-level, pulses are continuously output 
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DESCRIPTION 

The M5M82C37AP-5 is a programmable 4-channel DMA 
(Direct Memory Access) controller. This device is specially 
designed to simplify data transfer at high transfer rate for 
microcomputer systems. 

Fabricated using the silicon-gate CMOS technology. It is 
housed in a 40-pin plastic molded DIP. 

And preparatory for surface equipment M5M82C37AFP-5 
(SOP) and M5M82C37AJ-5(PLCC). 


FEATURES 

@ Single 5V supply voltage 

@ TTL compatible 

@ Having internal anti-noise circuit on RESET and low 
pins 

@ Four channel DMA controls with priority DMA request 
acknowledge functions 

@ DMA enable/disable, automatic initialization enable/dis- 
able, address increment/decrement programmability for 
each channel 

@ Programmable DREQ input and DACK output logic 
polarity 

@ Direct connecting permits easy DMA channel expan- 
sion. 

@ Memory to memory data transfer 

@ EOP input/output permits DMA operation completion 
check as well as forcibly completing DMA operation. 


APPLICATION 

DMA control of peripheral equipment such as floppy disket- 
tes and CRT terminals that require high-speed data 
transfer. 
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PIN CONFIGURATION (TOP VIEW) 


NUroureut. «= JOR ++ [1 
INPUTIOUTPUT IOW + 
READ QuTpuT MEM +- 
wane output MEMW + [4] 
NON-USABLE 

Re Cul. (READY => [6 
ACKNOWLEDGE ~HLDA — 


ADDRESS OUTPUTS 


A4 
———— END OF PROCESS 
+> EOP INPUT/OUTPUT 


ADDRESS 

ENABLE OUTPUT 

HOLD 

REQUEST OUTPUT = —~ 
CHIP SELECT INPUT CS — 


CLOCK INPUT 
RESET INPUT 


G-djAVZEOZCBWSW 
S-dVLZEDCBINSIN 


DATA INPUTS/ 
OUTPUTS 


DMA 
ACKNOWLEDGE 
OUTPUTS | DACKs + [3 


DREQ, — [16] — DACKg | pma 


ACKNOWLEDGE 
DMA DREQ, —> — DACK; | outputs 
REQUESTS 


INPUTS DREQ, — [8 Bs 
DATA INPUTS/ 


DREQ) > OUTPUTS 


Vss (OV) 


Outline 40P4_ (M5M82C37AP-5) 


40P2R (M5M82C37AFP-5) 


M5M82C37AJ-5 


DACK2 <— 
DACK3 + 


Outline 44P0 


NC : NO CONNECTION 
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BLOCK DIAGRAM 


CURRENT 
WORD 
COUNT 

REGISTER/ 
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FUNCTION 

M5M82C37AP-5 is a programmable DMA controller LSI 
used in microprocessor systems. 

This device basically consists of a DMA request control 
block for acknowledging DMA requests, a CPU interface 
for exchanging data and commands with the CPU, a timing 
control circuit for controlling each of the various types of 
timing, and a register for holding and counting DMA 
addresses and number of transfer words. 

After setting the transfer mode, starting address, and byte 
number in each of the registers and when a DMA request 
is made to an unmasked channel, the M5M82C37AP-5 re- 
quires use of the bus to the CPU. When the HLDA signal is 
received from the CPU, the DMA acknowledge signal is 
sent to DMA requesting channel with the highest priority 
and begins DMA operation. 

During DMA operation, the contents of the low-byte of the 
transfer memory address are output through A7~ Ao. Every 
time a change in the high-order 8 bits values is necessi- 
tated immediately after DMA operation has begun or due to 
borrowing or decrement during DMA operation, the change 
is output via pins DB7~ DBp to the externally mounted latch 
circuit. After the address is transmitted, read and write sig- 
nals are sent to the memories and peripherals activating 
DMA transfer. 


PIN DESCRIPTION 

IOR input/output (I/O read input/output) 

The function of this pin differs depending on the state of 
the M5M82C37AP-5. 

In DMA operation, the 1OR outputs low-level pulses provid- 
ing read timing to the peripheral devices. 

In cascade mode DMA, this pin becomes high impedance. 

In non-DMA mode, IOR is an input to read the contents of 
the registers in the M5M82C37AP-5. 


IOW input/output (I/O write input/output) 
The function of this pin differs depending on the state of 
the M5M82C37AP-5. 

In DMA operation, low outputs a low-level pulse to denote 
the write timing to peripheral devices. 

In cascade mode DMA, this pin becomes high impedance. 
In non-DMA mode, IOW is input to write data to the regis- 
ters of the M5M82C37AP-5. 


MEMR output (memory read output) 

In DMA mode, this pin outputs a low-level pulse to denote 
the memory read timing. 

In cascade mode DMA or in non-DMA operation this pin 
becomes high-impedance. 


MEMW output (memory write output) 

In DMA mode, this pin outputs a low-level pulse to denote 
the memory write timing. 

In cascade mode DMA or in non-DMA operation this pin 
becomes high-impedance. 


NU pin (non-usable) 
Pin 5 (M5M82C37AJ-5 : Pin 6) is a non-usable pin. This pin 
should be tied to Vcc, or it should be left open. 


READY input (ready input) 

This input is used to extend the read or write pulse in the 

DMA operation. As long as low-level is input, the DMA 

transfer period is extended. If no timing extension is 

needed, this input should be tied to Vcc. 

Note : The ready input level must be stable near the falling edge of 
the clock input. If the minimum READY setup time from clock 
or the minimum READY hold time after clock is violated, 
M5M82C37AP-5 might go into illegal DMA operations 


HLDA input (hold acknowledge input) 

This input means that the CPU acknowledges the use of 

the bus. If M5M82C37AP-5 sets the HRQ output high-level 

and the HLDA input goes to high-level the M5M82C37AP-5 
begins DMA operation. 

Note : (1)When HLDA 1s high-level, CS input is disabled and unex- 
pected read or write operation to M5M82C37AP-5 is pre- 
vented. ; 

(i)At least 1 clock period is required from HRQ rising ‘edge to 
HLDA rising edge 
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ADSTB output (address strobe output) 

This pin outputs a high-level pulse when the higher 8 bits of 
the transfer address is output through data bus at the DMA 
operation. This pulse is used as the strobe pulse for the ex- 
ternal address latch circuit. 

In non-DMA mode or in cascade mode DMA this output re- 
mains low-level. 


AEN output (address enable output) 

AEN is an output which denotes that the bus control signal 
address output etc. from the M5M82C37AP-5 are valid. 
When AEN output is high-level, they are valid output, so 
AEN is used as a control input for an external three-state 
bus buffer. 


HRQ output (hold request output) 

This output denotes that the M5M82C37AP-5 requests the 
use of the bus to the CPU. The M5M82C37AP-5 sets HRQ 
high in response to the DMA request. 


CS input (chip select input) 

This input is a chip select signal which is set to low-level 
when the CPU reads or writes data to the M5M82C37AP-5. 
When HLDA is high-level, this input is masked and the 
M5M82C37AP-5 is not selected. 


CLK input (clock input) 
The master clock for the M5M82C37AP-5 is input. 


RESET input (reset input) 
When a high-level pulse is input from RESET, the 
M5M82C37AP-5 is set to the initial state. 


DACKO, DACK1, DACK2, DACKS output 
(DMA acknowledge output) 

DMA acknowledge is the signals which shows a peripheral 
device whether DMA operaiton for its channel is under ex- 
ecution. 

By resetting, they become active low outputs, but they can 
be mode into active high outputs by altering the contents of 
the command register. 


DREQO, DREQ1, DREQ2, DREQ3 input 
(DMA request input) 

DREQ is an input which shows that a peripheral device re- 
quests DMA service. By resetting, they become active high 
inputs but they can be made into active low inputs by alter- 
ing the contents of the command register. DREQ should 
keep in active until the DACK output returns. 


Vss 


Vss is connected to system ground. 


DB;~DB, inputs/outputs 

(data bus inputs/outputs) 

In non-DMA mode, the contents of the registers of the 
M5M82C37AP-5 are read out or written through DB7~DBo. 
In DMA mode, the higher 8 bits of the transfer address are 
output through DB7~ DBz in the S, state. In the memory to 
memory DMA mode, data to be transferred between 
memories via the temporary register are read and written 
by the M5M82C37AP-5 through DB7~DBo. 


Vec 
The 5V power supply is connected through Vcc. 


A7~A, output, A;~A, input/output 
(address output, address input/output) 

In the DMA mode, the lower 8 bits of the transfer address 
are output through A7~Ap. 

In cascade mode DMA, they become high-impedance. In 
the non-DMA mode, A3 ~ Ag become register select 
address inputs, while A7~A, become high-impedance. 


EOP input/output 

(end of process input/output) 

EOP is an N-channel open drain input/output. When the 
word count register reaches count-up, a low-level pulse is 
output from EOP. (This is called internal EOP.) EOP may 
be pulled down to low-level. If EOP is pulled down during 
DMA operation, the DMA operation is forcibly terminated. 
(This is called external EOP.) 

Note : In cascade mode DMA, the EOP pulse is not output, and exter- 


nal EOP cannot terminate cascade mode DMA operation 
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OPERATION 

The unit of operation of the M5M82C37AP-5 is one clock 
period long and is called a ‘state’. The M5M82C37AP-5 has 
seven kinds of states. 

The following is the description of the basic DMA 
operation. When the M5M82C37AP-5 is DMA disabled or 
no DMA request comes for unmasked DMA channel, the 
M5M82C37AP-5 is in stand-by condition. At this time the 
M5M82C37AP-5 repeats S, (Inactive state) until a valid 
DMA request comes. When the M5M82C37AP-5 is enabled 
and a valid DMA request arrives, the M5M82C37AP-5 sets 
HRQ output high-level and waits until the use of the bus is 
acknowledged. This state is called So state. The 
M5M82C37AP-5 repeats Sp state as long as the HLDA in- 
put is low-level. When HLDA_ goes to high, the 
M5M82C37AP-5 begins DMA operation. 

Care must be taken became the M5M82C37AP-5 requires 
at least 1 clock period from the HRQ rising edge to the 
HLDA rising edge. (i.e. Sg state must be repeated at least 
twice.) 

in DMA operation, the M5M82C37AP-5 normally executes 
four (or three) states per one word transfer. 

These four states are called S;, So, S3 and Sy, state in sequ- 
ence. 

In S, state, AEN is set to high-level (if AEN is low-level) , 
the lower 8 bits of data of the transfer address are output 
through A7~ Ag and the higher 8 bits of address data are 
output through DB7~ DBg. The higher address data are out- 
put only in the S; state, so the strobe pulse for the external 
address latch circuit is output from ADSTB. The S, state is 
not executed if the higher 8 bits of address data are not 
changed in demand mode DMA or block mode DMA. 

In the S, state, MEMR or IOR output is set to low-level. If 
the S, state is not executed, address outputs A7 ~ Ao are 
changed at the Sz state also. 

In the S3 state, MEMW or IOW output goes down to low- 
-level. The S, state is the last state of a word transfer. 
MEMR (or IOR) and IOR (or MEMW) outputs rise up to 
high-level. And the contents of the current address register 
and the current word counter are updated. 

If DMA continues in demand mode or block mode, the S, or 
S. state follows after the S, state. 

If not the S, state follows after S4. (In single mode DMA, S, 
always follows after S,.) 

When the M5M82C37AP-5 returns to the S, state, the HRQ 
and AEN outputs are reset, A7 ~ Ay, DB7 ~ DBo, MEMR, 
MEMW are set to high-impedance and A3~ Ao, |OR, IOW 
are set to inputs. 

If the read or write pulse width is not sufficient for the 
memories or the peripherals, the transfer time can be ex- 
tended by setting the READY input to low-level. Until 
READY goes up to high-level, wait states (Sw) are inserted 
before S, and read , write, and address outputs are hold. 
The M5M82C37AP-5 has four type of DMA transfers. 














@® READ TRANSFER 
This is the transfer operation from memories to peripher- 
al. Low-level pulses are output from MEMR and 1Ow, 
while MEMW, IOR remain high-level. 

@WRITE TRANSFER 
This is the transfer operation from peripheral to memor- 
ies. Low-level pulses are output from MEMW and 1OR, 
while MEMR and IOW remain high-level. 

@® VERIFY TRANSFER 
This is the dummy transfer, MEMR, MEMW, IOR and lIOW 
all remain high-level. (not high-impedance) . Low-level 
input to READY is ignored. AEN, ADSTB, DACK and 


address information are normally output. 
@ MEMORY-TO-MEMORY TRANSFER 


This is the transfer from the memory address designated 
by channel 0 to the memory address designated by chan- 
nel 1. In this transfer, the channel 0 address and channel 
1 address are alternately output. when the channel 0 
address is active, the MEMR pulse is output at the same 
time and the memory data are read and written to the 
temporary register when the channel 1 address is active, 
the MEMW pulse is output and the contents of the tem- 
porary register are output from the data bus. 

Accordingly, ¢1 byte memory transfer is executed by two 
operations a read operation which consists of S14, S12, Si3 
and S,, states and write operation which consists of S2, 
Soo, S23 and So, states. 

In memory to memory DMA, The transfer type assignment 
of ch 0, ch 1 mode register (read, write or verify) is 
ignored. 
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Notes for memory-to-memory transfer 
Observe the following points when programming memory- 
to-memory DMA. 

@ The contents of the word count register of channel 0 and 
1 must be programmed identically. 

@ The transfer mode of channel 0 and 1 must be set to the 
block transfer mode. 

@ All the mask bits must be set to inhibit external DMA re- 
quest input. (Memory-to-memory DMA is started by soft- 
ware DMA request to channel 0.) 

@ in memory-to-memory DMA operation, all the DACK out- 
puts are inactive. (but AEN is set during transfer.) 


Table 1 


DMA priority for the M5M82C37AP-5 







Priority type 


Fixed priority 






Rotating priority 


DMA priority for next transfer 
DMA channel! serviced 
J 8d | Lowest 


A 
pent oes deo 


ee Oe ho cht 
ht ch2 
h3 ch0 
ch0 cht 





PRIORITY 
Two kinds of DMA priority can be programmed for the 
M5M82C37AP-5. (Command register bit 4) If plural chan- 
nels request DMA at the same time, DMA is acknowledged 
for the channel which has the highest priority. (Table 1) 
(1) Fixed Priority (bit 4=0) | 
The DMA channel which has the highest priority is 
channel 0. Channel 1 has the second, channel 2 has the 
third and channel 3 has the lowest priority. . 
(2) Rotating Priority (bit 4=1) 
This priority mode is that the channel which has ser- 
viced the DMA request, has the lowest priority at the 
next DMA operation. (Just after reset the lowest priority 
channel is channel 3) 
For example, just after channel 1 DMA is executed, 
channel 2 has the highest priority, channel 3 has the 
second highest, channel 0 has the third and channel 1 
has the lowest priority. 
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DESCRIPTION OF THE TRANSFER MODE Accordingly the cascade mode DMA operation of the 


The following is the description of the transfer mode of the M5M82C37AP-5 is only that it requests a bus hold re- 
M5M82C37AP-5 quest for the CPU instead of the low-level 
(1) Single mode DMA transfer M5M82C37AP-5 and transmits the bus acknowledge- 
In single mode DMA, the M5M82C37AP-5 executes ment signal by setting DACK active. 
only one word transfer when the bus control is acknow- Note : 
ledged by the CPU, and when the S, state is ended, @ The contents of the base and current address/word count regsiters 
the M5M82C37AP-5 reset HRQ output and releases of channels programmed in the cascade mode are invalid and 
the bus. change unpredictably. 
If the DMA request input continues at active level, at @ A software DMA request for the channel which is programmed in 
least one S, state is executed since the HLDA input cascade mode may cause the system of hang up 
falls down to low-level, and HRQ is kept low-level. @ When cascaded M5M82C37AP-5’s are connected as shown in fig. 1, 
Accordingly, M5L8085AP CPU etc. can execute at the high-level M5M82C37AP-5 should be initialized first and the 
least one instruction between DMA transfer. DACK output set high-active in order to initialize the low-level 
(2) Block mode DMA transfer M5M82C37AP-5's because the registers of the M5M82C37AP-5 
In the block mode, once the DMA request is acknow- cannot be read or written when HLDA input ts high-level 
ledged, the DMA is executed continuously until the ter- @ An external EOP cannot terminate cascade mode DMA operation. 


minal count (TC) occurs. 
TC means that 
(1)The contents of the current word count register are 
about to be counted down from 0000;, to FFFFi¢ 
or that 
(jan external EOP pulse is input before the Sz state. 
The DREQ input should be kept active until the DACK 
output is made active, but once DMA is acknowledged, 
DMA transfer continues until TC occurs even when 
DMA request becomes inactive. 
When DMA is executed continuously, the S, or So state 
follows directly after S,. If the contents of the higher 8 
bits of the address are not changed at the following 
word transfer, the S, state is skipped and the Sp state 
is executed just after S,4. 

(3) Demand mode DMA transfer 
In the demand mode, DMA is executed continuously 
while the DMA request is active. 
Once the DMA is acknowledged to the channel which 
is programmed for the demand mode, DMA operation 
is executed continuously until TC occurs or the DMA 
request becomes inactive. 
lf DMA stops due to an inactive DREQ before TC, the 
rest of the DMA will be resumed when DREQ becomes 
active and the DMA is acknowledged again. 
The operation during DMA is almost the same as in the 
block mode DMA. 

(4) Cascade mode DMA transfer 
This mode is used for DMA. channel expansion by cas- 
cade connection when more than 4 channels are re- 
quired. (See fig. 1) 
If the DMA request for the channel which is program- 
med in the cascade mode occurs and the request is 
acknowledged, only the DACK output becomes active. 
(IOR, OW, MEMR, MEMW, DB7~DBo, A7~ Ap become 
floating. AEN, ADSTB outputs stay at low-level. CS and 
READY inputs are ignored.) 
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HOLD HLDA 


HRQ HLDA 





the high-level M5M82C37AP-5 


i 
’ 
eet 


HRQ HLDA 


the low-level M5M82C37AP-5’s 


Fig.1 Example of a DMA system using a cascade connection 


(5) Auto initialization feature (mode regsiter bit 4=1) 
When bit 4 of the mode register is set to 1, the prog- 
rammed channel enters the auto initialization mode. 
Auto initialization is performed when TC occurs and the 
contents of the base address/word count registers are 
loaded in the current address/word count registers. 
(The contents of the base address/word count regis- 
ters are programmed to the same value as the current 
registers, at the same time.) 

Note : If a channel is programmed for auto initialization the mask reg- 
ister bit for that channel is not set after TC. If it is not program- 
med for auto initialization, the mask register bit is set after TC, 
so the mask register bit must be reset to set this channel to 
DMA-enable 


(6) Extended write feafure (command register bit 5=1) 
In normal DMA operation, the write pulse MEMW (or 
1OW) falls down to low-level in the S, state. But, if ex- 
tended write is programmed, the write pulse falls at the 
S2 state and the width can be extended for one clock 
period. 

(7) Compressed timing DMA feafure (command regsi- 
ter bit 3=1) 

In normal DMA, the transfer for one word consists of 
three or four states. 

If the compressed timing DMA is programmed, the Sz 
state is not executed and the one word transfer con- 
sists of two or three states. In this mode, the write out- 
put (IOW, MEMW) falls to low-level in the S, state as 
well as the read output (1OR, MEMR). In memory-to- 
memory DMA _ operation, the compressed _ timing 
assignment is ignored. 


REGISTERS 
The following 
M5M82C37AP-5. 
(1) Address registers 
The M5M82C37AP-5 has two 16-bit address registers 
for each DMA channel. 
One is called the current address register. It holds the 
contents of the memory address at which DMA opera- 
tion is performed and the contents are incremented (or 
decremented) at every word transfer. This register is 
read/write enabled when in the inactive state. The 
other is the base address register. This register is a 
write-only register and is written at the same time the 
current address register is programmed. The contents 
of the base address register are loaded into the cur- 
rent address register when the channel has reached 
TC if the channel is programmed in the auto initialize 
mode. 
The registers of the M5M82C37AP-5 are read or writ- 
ten through an 8-bit data bus so the address register 
must be accessed twice, first the lower 8 bits, second 
the higher 8 bits. The M5M82C37AP-5 has a first/last 
flip-flop which is toggled when the 16-bit regsiter is 
accessed. It selects the lower or higher byte. 
(2) Word count registers 
The MS5M82C37AP-5 has two 16-bit word count regis- 
ters for each DMA channel. 
One is called the current word count register. It holds 
the number of DMA transfer words, and the contents 
are decremented at the end of every word transfer. TC 


is a description of the registers of 
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occurs when the contents of the word counter about to 
decrement from 0000,, to FFFF4.. 

The other is the base word counter, a write only regis- 
ter that is used for auto initialization like the base 
address register. 

The read/write operation for the word count register is 
the same as for the address registers. 


(3) Mode registers 

The MSM82C37AP-5 has four 6-bit length registers to 
select the DMA modes and types for the 4 DMA chan- 
nels. They are write only registers. 

To program one of these registers, the channel selec- 
tion is done by the 2 LSBs of the written data allowing 
all four registers to assigned at the same address. The 
other 6 bits are written to one of the four registers. The 
bit assignment is shown in fig. 2. 


Demand transfer 
Single transfer 
Block transfer 
Cascade transfer 


DMA mode 


Address 


increment | Decrement 


Increment 


Enable 
Disable 


decrement 


Automatic 
initialization 


00 Verify transfer 
01 Write transfer 

0 Read transfer 
11 Not usable 

00 Cho 
Ch 1 
; Ch 2 

11 Ch3 

Bit configuration of the data written 
to the mode registers 


(Address= 1011.) 


Transfer type 


0 
Channel select 10 





Fig.2 Mode registers 


(4) Command register 
This register is an 8-bit write only register used to de- 
fine common operations for the four DMA channels. 
The bit assignment is shown in fig. 3. 

Command regsiter is. set 00,, by reset. 

(5) Mask register ; 
This register is a 4-bit register with one mask bit fo 
each DMA channel. 

The four bits of this regsiter can be programmed simul- 
taneously (fig. 4) or can be set or reset 1-bit at a time 
(fig. 5). All bits can be cleared by the clear mask reg- 
ister command. (Address= 11102 ) 

After reset, the 4 mask bits are all set to 1. 

(6) Request register 
This register is 4-bit register with one software request 
bit for each DMA channel. 

One request bit can be set or reset at a time. (fig. 6) 




















DACK ] High active 
output logic | 0 Low active 
DREQ 1 Low active 
input logic Q High active 





















Write pulse 1 Extended write 
width 0 Normal write 
1 Rotating priority 
Priori 
omy | 0 Fixed priority 
Compressed | | Compressed timing 





timing Q Normal timing 
Controller 1 Enable 
enable 0 Disable 





Channel 0 address hold 1 Enable 
(If bit O=0, bit 1 Is invalid) 0 Disable 


1 Enable 
0 Disable 


Memory to 
memory transfer 





Bit configuration of the data written 
to the command register 


(Address= 1000 2) 





| 
[br [be [bs | bs] be] be | bs | bo| 


Fig.3 Command register 


No effect 


Mask set 
Mask clear 


Mask bit for 
channel 3 


Mask set 
Mask clear 


Mask bit for 
channel 2 


Mask set 
Mask clear 


Mask bit for 
channel 1 


Mask set 
Mask clear 


Mask bit for 
channel 0 


Bit configuration of the data written 


by the mask bit write command 


(Address= 1111 ») 


Fig.4 Mask register (write all bit) 


No effect 


Mask set 
Mask clear 
00 Cho 
Channel select Of Ch 
10 Ch2 
11 Ch3 


Mask bit 


Bit configuration of the data written 
by the single mask bit write command 


(Address= 1010.) 


Fig.5 Mask register (write single bit) 
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No effect 


Request bit set 


1 
Request bit | 0 Request bit clear 


00 Cho 
| 1 Ch 1 
10 Ch2 
11 Ch3 


Channel select | 


Bit configuration of the data written 
by the request bit write command 


(Address= 1001 2) 


CY 


Fig.6 Request register 


Note : All the request bits are reset after the DMA operation of one 
channel So, when the DMA is started by software re- 
quest, other external DMA requests must be masked by 
setting all the mask register bits (Software requests are 
not masked by the mask register ) All the request bits are 
set to 0 after reset. 


(7) Status register 
This register is an 8-bit read only register. The 4 MSBs 
show the status of the four DREQs. 1 means that the 
DREQ input is active. 
The other 4 bits are the TC bits which are set to 1 
when TC occurs. The lower 4 bits are reset after the 
status registers are read or after reset. 
The relation between these bits and the channels is 
shown in fig. 7. 


Active 
Inactive 


DREQ input 
for ch 3 


1 

0 
DREQ input | 1 Active 
for ch 2 0 Inactive 
DREQ input | 1 Active 


for ch 1 Q Inactive 

DREQ input | 1 Active 

for ch O 0 Inactive 
Terminal count 1 Reached 
for ch 3 0 Not reached 


Terminal count | | Reached 
for ch 2 0 Not reached 


Terminal count i Reached 
for ch 1 0 Not reached 


Terminal count | 1 Reached 


for ch 0 0 Not reached 


Bit configuration of the status register 


(Address= 1000 ) 


[br [be bs } bs] bal bal bs [bo | 


Fig.7 Status register 








(8) Temporary Register 
This register is an 8-bit read only register. 
It is used to store temporary data read during the first 
part of the memory-to-memory DMA operation. 
When the CPU reads this register, the register con- 
tents are the data which were transfered in memory-to- 
memory transfer DMA immediately prior to the CPU 
read. 


PROGRAMMING 
The registers in the M5M82C37AP-5 can be read or written 
when CS and HLDA inputs are low-level. 
The address assignment is shown in Tables 2 and 3 Some 
of the write operations in these figures do not, in fact, write 
in any registers. They are called software commands. The 
following is a description of the software commands. 
Clear first/last F/F 
In reading or writing a 16-bit register, the higher and lower 
8 bits are accessed separately. Selection is done by a first/ 
last flip-flop which toggles when ever one of the 16-bit reg- 
isters is accessed. This command clears the first/last flip- 
flop, so after this command is executed, the next access of 
the 16-bit register is begins at the lower 8 bits. 
Master clear 
This command executes a software reset. 
Note : The following are the effects of the software reset for the 
M5M82C37AP-5 

@ Mask bits are set for all the DMA channels 

@ The command register is cleared to 00;.— (Note that bit 2 is 0 ) 

@ The temporary register is cleared. 

@The 4TC bits of the status register are cleared 

®@ The first/last flip-flop is reset. 

@ Software DMA request bits are cleared. 
(When the hardware reset is performed, together with the 
above effects, DMA operation is terminated and the 
M5M82C37AP-5 returns to the S, state.) 
Clear mask register 
This command clears all the mask bits and enable DMA for 
all the channels. 





4—32 


MITSUBISHI 
ELECTRIC 


MITSUBISHI LSIs 


MSM82C37AP-5S/FP-5/J-5 


CMOS PROGRAMMABLE DMA CONTROLLER 





Table 2 Read operation with the M5M82C37AP-5 


REGISTER READ 


nN 
~ 
mT 


CHO Current address register bit7 ~bitO 
CHO Current address register bit15~bit8 
CHO Current word count register bit7~bit0 
CHO Current word count register bit15~bit8 
CH1 Current address register bit7~bit0 
CH1 Current address register bit15~bit8 
CH1 Current word count register bit7~bitO 
CH1 Current word count register biti5~bit8 
CH2 Current address register bit7~bitO 
CH2 Current address register bit15~bit8 
CH2 Current word count register bit7~bit0 
CH2 Current word count register biti5~bit8 
CH3 Current address register bit7~bit0 
CHS Current address register bit15~bit8 
CH3 Current word count register bit7~bit0 
CH3 Current word count register biti5~bit8 
Status register 

Invalid 

Invalid 

Invalid 

Invalid 

Temporary register 

Invalid 

Invalid 

Read operation is not executed. . 

Read operation is not executed 


0 
0 
0 
0 
0 
0 
te) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
Xx 


pobesslponelasefnssfeoneiec + 
pobsedlrvee|ssespoeelve-ecel 
bob esebonelscedeseeivedlsved = 
pebeerlecerperebrerrerep err) @ 
pibeereceepeecbrererepeer| B 
papeerecererebeerleereperr) 





Table 3 Write operation with the M5M82C37AP-5 


First 
CS | HLDA Last REGISTER WRITTEN 
F/F 


CHO base and current address register bit7~bit0 
CHO base and current address register biti15~bit8 
CHO base and current word count register bit7 ~bitO 
CHO base and current word count register bit15~bit8 


cece) > 


CH1 base and current address register bit7~bit0 
CH1 base and current address register bit15~bit8 
CH1 base and current word count register bit7 ~bitO 
CH1 base and current word count register bit15~bit8 


coecloooe) PF 
jne+e|-0-0 


CH2 base and current address register bit7~bit0 
CH2 base and current address register bit15~bit8 
CH2 base and current word count register bit7 ~bit0 
CH2 base and current word count register bitl5~bit8 
CHS base and current address register bit7~bit0 
CHS base and current address register bit15~bit8 
CHS base and current word count register bit7~bitO 
CH3 base and current word count register bit15~bit8 
Command register 

Request register 

Single mask bit write 

Mode register 


Sick meric as hes Chea 


fee ee eta ee 


Clear first/last flip-flop software commands 
Master clear software commands 

Clear all mask register bits software commands 
Write ail mask bits software commands 


L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
L 
Ls 
L 
L 
Li. 
L 
L 
L 
L 

L 

L 

ie 

L 
H 
Xx 


rere 


XKIrP rer crjrerr rrr rrr errrirrrr|yreee 


Write is not executed. 
Write is not executed. 


xX Kinr +]H 0 04"8A-F- OF On sezaeH2i0ooaodd!iae=32+/0 C00 


x xKij-7 O=- 0/72 O00 


mi 


0 1 
0 1 
0 1 
0 1 
o | 14 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 
x | x 
x | x 
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ABSOLUTE MAXIMUM RATINGS 


You 
Vi 
oO 











Vp Input voltage 
Output voltage 


MAX “H” All output and I/O pins output 
Output current “H” level and force same current. 

MAX “L” All output and 1/O pins output 
Output current “L” level and force same current 

[Topr [Operating teexairtemperaturerange | SC*dSCt‘“‘CUSONBSCO™C*C‘“*”SC‘C“C#NEC=Cdi 

[Tstg [Storage tomperte —SCdSSSC“~*S*S~C—“—~S~s~sSCSY 


With respect to Vss 


Symbol Parameter 


Supply voltage 4.5 
Supply voltage(GND) 





ELECTRICAL CHARCTERISTICS (Ta=—20~75C, Voc=5V+10%, Vss=OV unless otherwise noted) 


Symbol Parameter Test conditions 
V 

V 
V 


High-level input voltage 
Low-level input voltage 


ro) 
lol =2. OmA( data bus) 
Input current Vi=OV, Vcc 
Wi=V, Ve, foue= ek 
locos Supply current from Voc (stand by V:=0V, Voc 
Input terminal capacitance Vit=Vss, f=1MHz, 25mVrms, Tg=25'C 


input/output terminal capacitance VioL=Vss, f=1MHz, 25mVrms, Tg=25°C 


High-level output voltage lon=—20uA 
lon=—100uA(HRQ only) 








L 
H 
L 

c 

i 
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TIMING REQUIREMENTS (ta=—20~75°, Vcc=5V+10%, Vss=O0V unless otherwise noted) 
1. SLAVE MODE 


arameter est conaitions 
0 


| Typ 
tsu(a-R) 
Hines) Address hold time after read oe 
thcR-a) 
ae ao 
om B00” | 
| P| 
I 300 | 
| 










Symbol 


WIP] RN 
o;oO/;}o 


twcw) Write pulse width | 160 | 
tw( RESET) Reset pulse width 
tsu(vec-reset)| Voc setup time before to reset 500 


tsu(RESET-R) | Reset setup time before read 
2to( $) 





tsu(RESET-w)| Reset setup time before Write 


2. DMA MODE 


ee 
on 
ese 


tsu(HLba-¢ ) | HLDA setup time before clock 
tsu(pae-memr) | Data setup time before MEMR 





th(memr\-pDa) | Data hold time after MEMR 
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SWITCHING CHARACTERISTIC (Ta=—20~75C, Vec=5V+10%, Vss=O0V unless otherwise noted) 
1. SLAVE MODE 


ain 
cs 
ene 


Cty [Max 











Data disable time after read CL=150pF 
Address access time 





2. DMA MODE 


tsu(pa-apsts) | Data output setup time before ADSTB 
th(apstB-pa) | Data output hold time before ADSTB 


t : 
a da Propagation time from clock to read or write active C_=150pF 
tpzv( ¢ -w) 





teHi( ¢ - 
ee Propagation time from clock to read or write 
teHL¢( ¢ -w) 


teLH( ¢-R) Propagation time from clock to read 
teLH( ¢-w) Propagation time from clock to write 


t e 
ENGLER! Propagation time from clock to read or write floating 
tevz( 4 -w) 


thcR-a) Address output hold time after read 
Address output hold time after write 


Data output setup time before MEMW 
Data output hold time after MEMW 


teHL( ¢-DACK 
Propagation time from clock to DACK 
teLH( $ -DACK) 


Propagation time from clock to EOP 
Propagation time from clcok to EOP 


teLH( 4-HR 
e pa Propagation time from clock to HRQ 
teHL( ¢ -HRQ) 


Note : A.C Testing waveform 











Input pulse level 0. 45~2. 4V 
Input pulse rise time 10ns 
Input pulse fall time 10ns 2.4 
Reference level input Vin=2V, ViL=0. 8V . , : 
output Von=2V, Vo_=0. 8V 0. 45 v8 S. 
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TIMING DIAGRAMS 


Reset timing 
tsuc VCC-RESET) 
Voc 
tw( RESET) 
RESET 
tw(¢) 
me to(¢) 
CLK 
tsu(RESET-R) 
1OR 
tsu(Reset-w) 
IOW 


Slave mode timing (READ) 


CS. As~Ao CS, ADDRESS VALID ) 


tsu(cs-r) thir-cs) 
tsu(a-r) thcr-a) 
















1OR 
t 
tod (ape) PVZ(R-DQ) 
-— as hea 
tezv(a-DQ) 
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Slave mode timing (WRITE) 


thiw-cs) 

tsu(cs-w) 
cs 
tsu(a-w) thiw-a) 
Ag~Ao ( ADDRESS VALID ew 
twiw) 
thiw-pa) 
tsu(pa-w) 


DB7;~DBo ( INPUT DATA VALID ) 
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DMA transmit timing 













Ss; Ss So S; Ss Si 
CLK 
tsu(DREQ-¢) 
DREQ \ 
teLH(¢HRQ) teHL(¢HRQ) 
HRQ 


HLDA //} \\h 
ares 
tpHL(¢DacK) teLH(éDaAck) 
DACK 
tpHL( #AEN) 


+ | t fet ft §) 


teHL(¢-a) tpvz(¢-a) 


06 tecinansiioumd e  eSTY 


teLH(¢apsts) | tpHt(¢-aosTe) 


ae 
ADSTB 


th(apstB-0aQ) 
tsu(pa-apstB) ane 
tpvz(¢-R) 


3 
tpzv(¢-Da) 
tpLH(¢-R) 
tezvi¢-R) = Z teHL( oR) a 
MEMR/10OR  —_——_— ] | 


tezv( ew) 
tevz(¢w) 
a | -——\ 
MEMW/iO0W a | 


(——— signifies expansion write) | 
tpHi(teop) | teLH(¢EOP) 


AEN 















EOP ; 


(internal) 
tsu(eor-¢) 
EOP \\\ 
(External) 
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READY input timing 


So S3 
CLK 
tsu(READY-¢) 
READY f 


Sw Sw Sa 












th(¢-ReADY) tsu(REaDy-¢) 


teLH(¢-r) 
tpHL(¢R) 
teLH( ew) 





MEMW/IOW 


teHi(ew) | 


(——-— signifies expansion write) 


Compressed timing 


Se - S4 Se S4 


CLK 


\' 
tsu( READY-¢) i 


lennon 
_ iF WW 
i a 


teHL(¢-A) 
tpHL(éR) teLH(¢-R) 





teHu(ew) teLH(¢w) 


MEMW/IOW 
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Inter-memory transmission 


si 


T L(¢-A) tpvz(¢-a) 
tezv( ea) 


tpLH(spapste) teHL(+apdsTB) 
ADSTB ' | 


tsu(be-memR) 


CL 


A 























tezv( pa) tevz(¢-pa) | teutpacwcnw) 
MEMR-DQ 
Ur Data ete Data \ 
DB7~DBoy (| Ais~Ag wd input ) 15 8 Y (| output 
th(memw-pa) 
teLH(¢-R) 
tezvi ¢-R) tpHL(¢-R) 
tpvz( or) 
MEMR 
tpHL( ew) teLH(¢w) 
tpvz(¢-w) 
MEMW 
. teueiaw) | TTR 
(——— signifies expansion write) 
teHi( ew) 
tpHL(+EOP) teLH( ¢EOP) 
EOP 
(Internal) 
tsu(eop-¢) 
EOP {/// 
(External) 
| twiEOP) | 
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DESCRIPTION f 
The M5M82C51AP is a universal synchronous/asynchronous 
receiver/transmitter (USART) IC chip designed for data 
communications use. It is produced using the silicon-gate 
CMOS process and is mainly used in combination with 8-bit 
microprocessors. It is housed in a 28-pin plastic molded 
DIP. 

And preparatory for surface equipment M5M82C51AFP 
(SOP) and M5M82C51Ad(PLCC). 


FEATURES 
@ Single 5V supply voitage 
@ TTL compatible 
@ Synchronous and asynchronous operation 
Synchronous: 
5~8-bit characters 
Internal or external synchronization 
Automatic SYNC character insertion 
Asynchronous system: 
5~8-bit characters 
Clock rate— 1 , 16 or 64 times the baud rate 
1, 114, or 2 stop bits 
False-start-bit detection 
Automatic break-state detection 
@® Baud rate: DC~64K-baud 
@ Full duplex, double-buffered transmitter/receiver 
@ Error detection: parity, overrun, and framing 


APPLICATION 

Modem control of data communications using microcompu- 
ters | 

Control of CRT, TTY and other terminal equipment 


FUNCTION 

The M5M82C51AP is used in the peripheral circuits of a 
CPU. It permits assignments, by means of software, of op- 
erations in all the currently used serial-data transfer sys- 
tems. 

The M5M82C51AP receives parallel-format data from the 
CPU, converts it into a serial format, and then transmits via 
the TxD pin. It also receives data sent in via the RxD pin 
from the external circuit, and converts it into a parallel for- 
mat for sending to the CPU. On receipt of parallel-format 
data for transmission from the CPU or serial data for the 
CPU from external devices, the M5M82C51AP informs the 
CPU using the T,RDY or RxRDY pin. In addition, the CPU 
can read the M®SM82C5SIAP status at any time. The 
M5M82C51AP can detect the data received for errors and 
inform the CPU of the presence of errors as status informa- 
tion. Errors include parity, overrun and frame errors. 





PIN CONFIGURATION (TOP VIEW) 


| De - 
BIDIRECTIONAL BIDIRECTIONAL 
DATA BUS | DATA BUS 
Ds 


——— RECEIVER- 
+— RxC crock INPUT 


-A3zp DATA-TERMINAL 

—> DTR peapy output 
——— REQUEST-TO- 

— RTS senp output 


Rep DATA-SET 
*— DSR eapy input 


BIDIRECTIONAL 
DATA BUS 


+— RESET RESET INPUT 


TRANSMITTER- >= A 
CLOCK INPUT 


WRITE-DATA 


djVLSOZCBSNSW 
dVLSOZ8WSW 


+- CLK CLOCK INPUT 
CONTROL INPUT 19 —+ TxD ea pote 
ee (os EL [8] > TEMPTy HANMER 
courmot neu C/ 7] ~ CTS iste 
READ-DATA Dn 16] «+ SYNDET/ SYNC DETECT 


T-OUTPUT 
CONTROL INPUT /BREAK DETECT 
RECEIVER- 


TyRDY “TRANSMITTER 
—> - 
READY OUTPUT “ READY OUTPUT 


(M5M82C51AP) 
(M5M82C51AFP) 


28P4 


Outline oBP2W 


SYNDET/BD «+ 
TxEMPTY — 


N 
©O 
U 
(=) 


Outline 
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BLOCK DIAGRAM 


RESET INPUT RESET as 
CLOCK INPUT CLK sanishite 
CONTROL/DATA-CONTROL ——_ READ/WRITE 
IN 


PUT ee CONTROL BUFFER TRANSMITTER-DATA 
OUTPUT 


READ-DATA CONTROL INPUT RD (PS) 
WRITE-DATA aes ct | 
CONTROL INPUT 
CHIP-SELECT INPUT 
(15) TxRDY TRANSMITTER-READY OUTPUT 


TRANSMIT awe 
(18) TxEMPTY TRANSMITTER-EMPTY OUTPUT 
DATA-SET READY INPUT CONTROL oc = A uae 
D (9) TxC TRANSMITTER-CLOCK INPUT 
DATA-TERMIAL READY OUTPUT 
CLEAR-TO-SEND INPUT CTs CONTROL (26) Vec(5V) 
REQUEST-TO-SEND OUTPUT 
(4) Vss(0V) 


1 
(14) RxRDY RECEIVER-READY OUTPUT 
receve [oO Sa 
P (25) RixC 


CONTROL RECEIVER-COLCK INPUT 


(16) SYNDET/BD SYNC DETECT INPUT-OUTPUT 
on /BREAK DETECT OUTPUT 


D 
BIDRECTIONAL DATA BUS BUS 
BUFFER 
RECEIVE 


BUFFER (3) RxD RECEIVER-DATA INPUT 
(S-P) 
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OPERATION 

The M5M8&2C51AP interfaces with the system bus as shown 
in Fig.1, positioned between the CPU and the modem or 
terminal equipment, and offers all the functions required for 
data communication. 


ADDRESS BUS 


CONTROL BUS 


17OR | 1/0W| RESET 
DATA BUS 





C/D CS Do~D; RD WR RESET CLK 


M5M82C51AP 


Fig, 1 M5M82C51AP interface to CPU system bus 


When using the M5M82C5I1AP, it is necessary to program, 
as the initial setting, assignments for synchronous/asyn- 
chronous mode selection, baud rate, character length, par- 
ity check, and even/odd parity selection in accordance with 
the communication system used. Once programming is 
completed, functions appropriate to the communication sys- 
tem can be carried out continuously. 

When initial setting of the USART is completed, data com- 
munication becomes possible. Though the receiver is al- 
ways in the enable state, the transmitter is placed in the 
transmitter-enable state (T,EN) by a command instruction, 
and the application of a low-level signal to the CTS pin 
prompts data-transfer start-up. Until this condition is satis- 
fied, transmission is not executed. On receiving data, the 
receiver informs the CPU that reading for the receiver data 
in the USART by the CPU has become possible (the 
RxRDY terminal has turned to high-level). Since data re- 
ception and the entry of the CPU into the data-readable 
state are output as status information, the CPU can access 
USART status without accessing the RyxRDY terminal. 
During receiving operation, the USART checks errors and 
gives out status information. There are three types of errors: 
parity, overrun, and frame. Even though an error occurs, the 
USART continues its operations, and the error state is re- 
tained until error reset (ER) is effected by a command in- 
struction. The M5M82C51AP access methods are listed in 
Table1. 








M5M82C51AP Access Methods 


Table 1 


Function 
Data bus + Data in USART 
USART + Data bus 
Data bus + Status 
Control «- Data bus 
3-State < Data bus 
3-State « Data bus 











Read/Write Control Logic 

This logic consists of a control word register and command 
word register. It receives signals from the CPU control bus 
and generates internal-control signals for the elements. 
Modem Control Circuit 

This is a general-purpose control-signal circuit designed to 
simplify the interface to the modem. Four types of control 
signal are available: output signals DTR and RTS are con- 
trolled by command instructions, input signal DSR is given 
to the CPU as status information and input signal CTS con- 
trols direct transmission. 

Data-Bus Buffer 

This is an 8-bit 3-state bidirectional bus through which con- 
trol words, command words, status information, and transfer 
data are transferred. Fig. 2 shows the structure of the data- 
bus buffer. 


TO INTERNAL 
DATA BUS 


——— 
we STATUS BUFFER be 
E RECEIVE— DATA i 


BUFFER 


CONTROL BUFFER 
E TRANSMIT— DATA : 


BUFFER 


Fig. 2. Data-bus buffer structure 


Transmit Buffer 

This buffer converts parallel-format data given to the data- 
bus buffer in to serial data with addition of a start bit, stop 
bits and a parity bit, and sends out the converted data 
through the TxD pin based on the control signal. 
Transmit-Control Circuit 

This circuit carries out all the controls required for serial 
data transmission. It controls transmitter data and outputs 
the signals required by external devices in accordance with 
the instructions of the read/write control logic. 
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Receive Control Circuit 
This circuit offers all the controls required for normal recep- 
tion of the input serial data. It controls receiver data and 
outputs signals for the external devices in accordace with 
the instructions of the read/write control logic. 
Receive Buffer 
This buffer converts serial data given via the RyD pin into a 
parallel format, checks the bits and characters in accord- 
ance with the communication format designated by mode 
setting, and transfers the assembled characters to the CPU 
via the data-bus buffer. 
Receiver-Data Input (RxD) 
Serial characters sent from another device are input to this 
pin and converted to a parallel-character format to serve as 
data for the CPU. Unless the high-level state is detected 
after a chip-master reset procedure (this resetting is car- 
ried out to prevent spurious operation such as that due to 
faulty connection of the RxD to the line in a break state), 
the serial characters are not received. This applies to only 
the asynchronous mode. When the RxD line enters the low- 
level state instantaneously because of noise, etc, the mis- 
start prevention function starts working. That is, the start bit 
is detected by its falling edge but in order to make sure 
that it is the correct start bit, the R,D line is strobed at the 
middie of the start bit to reconfirm the low-level state. If it 
is found to be high-level a faulty-start judgment is made. 
Transmitter-Clock Input (TC) 
This clock controls the baud rate for character transmission 
from the TxD pin. Serial data is shifted by the falling edge 
of the T,C signal. In the synchronous mode, the T,C fre- 
quency is equal to the actual baud rate. In the asynchro- 
nous mode, the frequency is specified as 1,16, or 64 times 
the baud rate by the mode setting. 
Example When the baud rate is 110 bauds: 
TxC=110Hz(1X) 
TxC=1. 76kHz(16X) 
TyxC=7. 04kHz(64Xx) 
Write-Data Control Input (WR) 
Data and control words output from the CPU by the low- 
level input are written in the MOM82C51AP. This terminal is 
usually used in a form connected with the control bus |/OW 
of the CPU. 
Chip-Select Input (CS) 
This is a device-select signal that enables the USART by a 
low-level input. Usually, it is connected to the address bus 
directly or via the decoder. When this signal is in the high- 
level state, the M5M82C51AP is disabled. 
Control/Data Control Input (C/D) 
This signal shows whether the information on the USART 
data bus is in the form of data characters or control words, 
or in the form of status information, in accordance with the 
‘RD and WR inputs while the CPU is accessing the 
M5M82C51AP. The high-level identifies control words or 
status information, and the low-level, data characters. 





Read-Data Control Input (RD) 

Receiver data and status information are output from the 
CPU by a low-level input for the CPU data bus. 
Receiver-Ready Output (R,xRDY) 

This signal indicates that the received characters have en- 
tered the receiver buffer, and further, the receiver-data 
buffer in the data-bus buffer shown in Fig. 2. It is possible 
to confirm the RyRDY status by using this signal as an inter- 
ruption signal for the CPU or by allowing the CPU to read 
the D, bit of the status information by polling. The RxRDY is 
automatically reset when a character is read by the CPU. 
Even in the break state in which the RxD line is held at 
low-level, the RyxRDY remains active. It can be masked by 
making the RxE(D2) of the command instruction 0. 
Transmitter-Ready Output (T,RDY) 

This signal shows that the data is ready for transmission. It 
is possible to confirm the status of serial-data transmission 
by using it as an interruption signal for the CPU or by allow- 
ing the CPU to read the Dp bit of the status information by 
polling. Since the T,RDY signal shows that the data buffer 
is empty, it is automatically reset when a transmission char- 
acter is loaded by the CPU. The TyRDY bit of the status in- 
formation means that the transmit-data buffer shown in Fig. 
2 has become empty, while the T,RDY pin enters the high- 
level state only when the transmit-data buffer is empty, 
TEN equals 1, and a low-level input has been applied to 
the CTS pin. 

Status (Do): When transmit-data buffer (TDB) is empty, 

it becomes 1. 

T,RDY terminal: When (TDB is empty) - (TxEN =1) ° 
(CTS =“L’) =“H” or resetting, it be- 
comes active. 

Sync Detect Input-Output/Break Detect Output 
(SYNDET/BD) 

In the synchronous mode this pin is used for input and out- 
put operations. When it is specified for the internal synchro- 
nous mode by mode setting, this pin works as an output 
terminal. It enters the high-level state when a SYNC char- 
acter is received through the RxD pin. If the M5M82C51AP 
has been programmed for double SYNC characters (bi- 
sync), a high-level is entered in the middle of the last bit of 
the second SYNC character. This signal is automatically re- 
set by reading the status information. 

On designation of the M5M82C51AP to the external syn- 
chronous mode, this pin begins to serve for input opera- 
tions. Applying a high-level signal to this pin prompts the 
M5M82C51AP to begin assembling data characters at the 
next rising edge of the RxC. For the width of a high-level 
signal to be input, a minimum RxC period is required. 
Designation of the asynchronous mode causes this pin to 
function as a BD (output) pin. When the start, data, and 
parity bits and stop bits are all 0 for two characters period, 
a high-level is entered. The BD (break detect) signal can 
also be read as the Dg bit of the status information. This 
signal is reset by resetting the chip master or by the RxD 
line’s recovering the high-level state. 





MITSUBISHI 4—A5 
ELECTRIC 


MITSUBISHI LSls 
MSMS82CS1AP/FP/J 


CMOS PROGRAMMABLE COMMUNICATION INTERFACE 





Clear-To-Send Input (CTS) 
When the TxEN bit (Do) of the command instruction has 
been set to 1 and the CTS input is low-level serial data is 
sent out from the TyD pin. Usually this is used as a clear- 
to-send signal for the modem 
Note: CTS indicates the modem status as follows: 
ON means data transmission is possible; 
OFF means data transmission is impossible. 

Transmitter-Empty Output (T,EMPTY) 
When no transmisison characters are left in the transmit 
buffer, this pin enters the high-level state. In the asynchro- 
nous mode, the following transmission character is shifted 
to the transmit buffer when it is loaded from the CPU. Thus, 
it is automatically reset. In the synchronous mode, a SYNC 
character is loaded automatically on the transmit buffer 
when no transfer-data characters are left. In this case, 
however, the Tx,EMPTY does not enter the low-level state 
when a SYNC character has been sent out, since T, EMPTY 
=“H” denotes the state in which there is no transfer char- 
acter and one or two SYNC characters are being transfer- 
red or the state in which a SYNC character is being trans- 
ferred as a filler. T,EMPTY is unrelated to the T,EN bit of 
the command instruction. 
- Transmission-Data Output (T,D) 
Parallel-format transmission characters loaded on the 
M5M82C51AP by the CPU are assembled into the format 
designated by the mode instruction and sent in serial-data 
form via the T,D pin. Data is output, however, only in cases 
where the Do bit (T,EN) of the command instruction is 1 
and the CTS terminal is in the low-level state. Once reset, 
this pin is kept at the mark status (high-level) until the first 
character is sent. 
Clock Input (CLK) 
This system-clock input is required for internal-timing gen- 
eration and is usually connected to the clock-output (CLK) 
pin of the M5L8085AP. Although there is no direct relation 
with the data-transfer baud rate, the clock-input (CLK) fre- 
quency is more than 30 times the T,C or RyC input fre- 
quency in the case of the synchronous system and more 
than 4.5 times in the case of the asynchronous system. 
Reset Input (RESET) 
Once the USART is shifted to the idle mode by a high-level 
input, this state continues until a new control word is set 
Since this is a master reset, it is always necessary to load a 
control word following the reset process. The reset input 
requires a minimum 6-clock pulse width. 
Data-Set Ready Input (DSR) 
This is a general-purpose input signal, but is usually used 
as a data-set ready signal to test modem status. Its status 
can be known from the status reading process. The D7 bit 
of the status information equals 1 when the DSR pin is in 
the low-level state, and 0 when in the high-level state. 

DSR=“L”—D, bit of status information=1 

DSR=“H’—D;, bit of status information=0 
Note. DSR indicates modem status as follows: 


ON means the modem can transmit and receive; 
OFF means it cannot. 
Request-To-Send Output (RTS) 
This is a general-purpose output signal but is used as a re- 
quest-to-send signal for the modem. The RTS terminal is 
controlled by the Ds bit of the command instruction. When 
Ds is equal to 1, RTS=“L”, and when Ds is 0, RTS=“H”. 
Command register D>=1>RTS=“L” 
Command register D>=0—-RTS=“H” 
Note: RTS controls the modem transmission carrier as fol- 
lows: 
ON means carrier dispatch; 
OFF means carrier stop. 
Data-Terminal Ready Output (DTR) 
This is a general-purpose output signal, but is usually used 
as a data-terminal ready or rate-select signal to the mod- 
em. The DTR pin is controlled by the D, bit of the com- 
mand instruction; if D}=1, DTR=“L”, and if D;=0, DTR= 
oa he 
D, of the command register=1-DTR=“L” 
D; of the command register=0-DTR=“H” 
Receiver-Clock Input (RxC) 
This clock signal controls the baud rate for the sending in 
of characters via the R,D pin. The data is shifted in by the 
rising edge of the R,C signal. In the synchronous mode, the 
RyC frequency is equal to the actual baud rate. In the asyn- 
chronous mode, the frequency is specified as 1, 16, or 64 
times the baud rate by mode setting. This relationship is 
parallel to that of TC, and in usual communication-line sys- 
tems the transmission and reception baud rates are equal. 
The T,C and RxC terminals are, therefore, used connected 
to the same baud-rate generator. 
PROGRAMMING 
It is necessary for the M5M82C51AP to have the control 
word loaded by the CPU prior to data transfer. This must al- 
ways be done following any resetting operation (by exter- 
nal RESET pin or command instruction IR). There are two 
types of control words: mode instructions specifying gener- 
al operations required for communications and command 
instructions to control the M5M82C51AP actual operations. 
Following the resetting operation, a mode instruction must 
be set first. This instruction sets the synchronous or asyn- 
chronous system to be used. In the sysnchronous system, a 
SYNC character is loaded from the CPU. In the case of the 
bi-sync system, however, a second SYNC character must 
be loaded in succession. 
Loading a command instruction makes data transfer possi- 
ble. This operation after resetting must be carried out for 
initializing the M5M82C51AP. The USART command instruc- 
tion contains an internal-reset IR instruction (Debit) that 
makes it possible to return the M5M82C51AP to its reset 
state. The initialization flowchart is shown in Fig. 3 and the 
mode-instruction and command-instruction formats are 
shown in Figs. 4 and 5. 
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Fig. 3 Initialization flow chart 
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SYNC CHARACTER 
SINGLE CHARACTER SYNC 1=SINGLE 
0=DOUBLE 


SYNC DETECTION 
EXTERNAL SYNC DETECT _[1=EXTERNAL 
O=INTERNAL 
PARITY CHECK 
EVEN PARITY 1=EVEN 
0=ODD 
PARITY 


PARITY ENABLE 1=ENABLE 
0= DISABLE 


CHARACTER LENGTH 


SYNCHRONOUS[scsJeso] ep [ren] ee] ui | o | 0 | 


Dr De Ds Ds D3 De Di Do 
STOP BITS 


O10) 11 
Lo} 011 | 
dt 2] 


PARITY CHECK 


1=EVEN 
0=ODD 
PARITY 
PARITY ENABLE 1=ENABLE 
0= DISABLE 
CHARACTER LENGTH 
GY 
OG 
5] 6] 7/8] 
BAUD RATE 


EVEN PARITY 














DLT X | 16x] 54K 
ASYNCHRO Ne beL Se | S LEP PPEN| te | ti |B | 8 | 
7 De : 


D Ds D4 D3 Do OD Do 


Fig. 4 Mode-instruction format (C/D=“H” WR=“L”) 


ENTER HUNT MODE 
1-ENABLE SEARCH FOR 
SYNC CHARACTER 


INTERNAL RESET 
1->TO INITIALIZATION 
TRANSMISSION— CARRIER 


CONTROL 
1—RTS=“L 


ENTER HUNT MODE 








INTERNAL RESET 
REQUEST TO SEND 


ERROR RESET 
ERROR RESET 1>CLEAR ALL ERROR FLAGS 


PE OE FE) 


SEND BREAK SEND BREAK CHARACTER 
1>T,D=0 


Rx ENABLE RECEIVER ENABLE 
1=ENABLE 
0=DISABLE 


iy 


DATA 
TERMINAL 


READY || DATA—TERMINAL READY 
1>DTR="L” 
TRANSMISSION ENABLE 

TxENABLE| |=ENABLE 
O=DISABLE 


Cen De [ors[ es [oom [ore nen 
D7 D; Do 


De Ds Da OD; D2 





Fig. 5 Command-instruction format (C/D=“H” WR=“L”) 
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Asynchronous Transmission Mode 

When data characters are loaded on the M5M82C51AP af- 
ter initial setting, the USART automatically adds a start bit 
(0), an odd or even parity bit specified by the mode in- 
struction during initialization, and a specified number of 
stop bits (1). After that, the assembled data characters are 
transferred as serial data via the T,D pin, if transfer is en- 
abled (T,EN=1-CTS=“L”). In this case, the transfer data 
(baud rate) is shifted by the mode instruction at a rate of 
1X, 1/16X, or 1/64X the TC period. 

If the data characters are not loaded on the M5M82C51 AP, 
the TxD pin enters a mark state (“H”). When SBRK is prog- 
rammed by the command instruction, break characters (0) 
are output continuously through the TyD pin 

Asynchronous Reception Mode 

The RxD line usually starts operations in a mark state 
(“H”), triggered by the falling edge of a low-level pulse 
when it comes to this line. This signal is again strobe at the 
middle of the bit to confirm that it is a perfect start bit. The 
detection of a second low-level indicates the validity of the 
start bit (again strobe is carried out only in the case of 16X 
and 64x) After that, the bit counter inside the 
M5M82C51AP starts operating; each bit of the serial in- 
formation on the RxD line is shifted in by the rising edge of 
RC, and the data bit, parity bit (when necessary), and 
stop bit are sampled at the middle position. 

The occurrence of a parity error causes the setting of a 
parity-error flag. If the stop bit is 0, a frame error flag is set. 
Attention should be paid to the fact that the receiver re- 
quires only one stop bit even though the program has de- 
signated 1.5 or 2 stop bits. | 

Reception up to the stop bit means reception of a complete 
character. This character is then transferred to the receiv- 
er-data buffer shown in Fig.2, and the RxRDY becomes ac- 
tive. In cases where this character is not read by the CPU 
and where the next character is transferred to the receiver- 


CPU—USART (5~8-BIT/CHARACTER) 


DATA CHARACTER | 


ASSEMBLED DATA FORMAT 


S : ey Tet aT] 
Errata CHARACTER (5~8))PARITY| STOP Bir 


TRANSMITTER DATA OUTPUT (T,D) 


T.D MARKISTARTT DATA BITS PARITY] STOP 
STATE Er] OS (5~8) BIT_} BITS 


(1,1.5,-2) 


Fig.6 Asynchronous transmission format | 
(transmission) 





data buffer, the preceding character is destroyed and an 
overrun-error flag is set. 

These error flags can be read as the MOM82C51AP status 
information. The occurrence of an error does not stop 
USART operations. The error flags are cleared by the ER 
(D4 bit) of the command instruction. 

The asynchronous-system transfer formats are shown in 
Figs. 6 and 7. 

Synchronous Transmission Mode 

In this mode the TxD pin remains in the high-level state un- 
til initial setting by the CPU is completed. After initialization, 
the state of CTS=“L” and T,EN =1 enables serial trans- 
mission of characters through the TxD pin. Then, data char- 
acters are sent out and shifted by the falling edge of the 
TyC signal. The transmission rate equals the T,C rate. 
Thus, once data-character transfer starts, it must continue 
through the TxD pin at the same rate as that of TC: Unless 
data characters are provided from the CPU before the 
transmitter buffer becomes empty, one or two SYNC char- 
acters are automatically output from the T,D pin. In this 
case, it should be noted that the T,EMPTY pin enters the 
high-level state when there are no data characters left in 
the MSM82C51AP to be transferred, and that the low-level 
state is not entered until the USART is provided with the 
next data character from the CPU. Care should also be 
taken over the fact that merely setting a command instruc- 
tion does not effect SYNC character insertion, because the 
SYNC character insertion is enabled after sending out the 
first data character. 

In this mode, too, break characters are sent out in succes- 
sion from the TxD pin when SBRK is designated (D3=1) by 
a command instruction. 


RECEIVER INPUT (RxD) 
START DATA BITS —_FPARITY! STOP 
oa BIT (5~8) BITS 
(1, 1.5, 2) 
RECEIPTION FORMAT 
STAR DATA BITS 


PARITYISTOP BIT 
BIT (5~8) ey (1, 1.5, 2) 


USART—CPU (5~8-BIT/CHARACTER) 


DATA CHARACTER (5~8) 


Note When the data character is 5, 6, or 7 bits/character 
length, the unused bits (for USART— CPU) are set to 
0 


Fig. 7 Asynchronous transmission format II (reception) 
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Synchronous Reception Mode 

Character synchronization in this mode is carried out inter- 
nally or externally by initial-setting designation. 
Programming in the internal synchronous mode requires 
that an EH instruction (D7=1, enter hunt mode) is included 
in the first command instruction. Data on the RxD pin is 
sampled by the rising RyxC signal, and the receiver-buffer 
contents are compared with the SYNC character each time 
a bit is input. Comparison continues until an agreement is 
reached. When the M5M82C51AP has been programmed in 
the bi-sync mode, data received in further succession is 
compared. The detection of two SYNC characters in suc- 
cession makes the USART end the hunt mode, setting the 
SYNDET pin to the high-level state. This reset operation is 
prompted by the reading of the status information. When 
the parity has been programmed, SYNDET is not set in the 
middle of the last data bit but in the middle of the parity bit. 
In the external synchronous mode, the M5M82C51AP gets 
out of the hunt mode when a high-level synchronization sig- 
nal is given to the SYNDET pin. The high-level signal re- 
quires a minimum duration of one RxC cycle. In the asyn- 
chronous mode, however, the EH signal does not affect the 
operation at all. 

Parity and overrun errors are checked in the same way as 
in the asynchronous system. During hunt-mode operations 
the parity bit is not checked, but parity checking is carried 
out even when the receiver is disabled. 

The CPU can command the receiver to enter the hunt 
mode, if synchronization is lost. This prevents the SYNC 
character from erroneously becoming equal to the received 
data when all the data in the receiver buffer is set to 1 
Attention should be paid to the fact that the SYNDET F/F is 
reset each time status information is read irrespective of 
the synchronous mode’s being internal or external. This, 


CPU--USART (5~8-BIT/CHARACTER) 


[pata CHARACTER 


ASSEMBLED TxD OUTPUT 


SYNC DATA | DATAT ~—DATA 
CHARACTERIICHARACTER2] CHARACTER] cter |CHARACTER 





Fig. 8 Synchronous transmission format | 
(transmission) 
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however, does not return the M5M82C51AP to the hunt 
mode. Synchronism detection is carried out even though it 
is not the hunt mode. The synchronous transfer formats are 
shown in Figs. 8 and 9. 
Command Instruction 
This instruction defines actual operations in the com- 
munication mode designated by mode setting. Command 
instructions include transmitter/receiver enable error-reset, 
internal-reset, modem-control, enter-hunt and break trans- 
mission instructions. 
The mode is set following the reset operation. A SYNC 
character is set as required, and the writing of high-level 
signals on the control/data pin (C/D) that follows it is re- 
garded as a command instruction. When the mode is set all 
over again from the beginning, the M5M82C51AP can be 
reset by using inputting via the reset terminal or by internal 
resetting based on the command instruction. 

Note 1: The command error reset (ER), internal reset (IR) 
and enter-hunt-mode (EH) operations are only 
effective when the command instruction is loaded, 
so that these bits need not be returned to 0. 

2: When a break character is sent out by a command, 
the T,D set to 0 immediately irrespective of 
whether or not the USART has sent out data. 

3: Operations of the USART’s receiver section which 
is always in the enable state cannot be inhibited. 
The command instruction R,E=0 does not mean 
that data reception via the RxD pin is inhibited; it 
means that the RyxRDY is masked and error flags 
are inhibited. 


SERIAL INPUT DATA (RxD) 


2H RSA 
CHARACTERT| CHARACTER2J CHARACTER] crer | CHARACTER 


USART->CPU (5~8-BIT/CHARACTER) 


DATA CHARACTER 


Note When the data character ts 5, 6, or 7 bits/character 
length, the unused bits (for USART-* CPU) are set to 
0 





Fig. 9 Synchronous transmission format II (reception) 
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Status Information 

The CPU can always read USART status by setting the C/D 

to high-level and RD to low-level. 

The status information format is shown in Fig. 10. In this for- 

mat RxRDY, TxEMPTY and SYNDET have the same defini- 

tions as those of the pins. This means that these three 

pieces of status information become high-level when each 

pin is 1. The other status information is defined as follows: 

DSR: — When the DSR pin is in the low-level state, status 
information DSR becomes 1. 





SYN Rx Tx 
jose | Be¥ | Fe | of | re | ne | Roy | by, 
Do 


Dy Dg Ds Da D3 D2 D; 


Fig. 10 Status information C/D=“H”, RD=“L”) 


APPLICATION EXAMPLES 

Fig. 11 shows an application example for the M5M82C51 AP 
in the asynchronous mode. When the port addresses of the 
M5M82C51AP are assumed to be 00 # and 01 # in this fi- 
gure, initial setting in the asynchronous mode is carried out 
in the following manner: 


MVI A, B6+ Mode setting 

» QUT 01+ 
MVI A, 27# Command instruction 
OUT 01+ 


In this case, the following are set by mode setting: 
Asynchronous mode 
6-bit/character 
Parity enable (even) 
1.5 stop bits 
Baud rate: 16X 

Command instructions set the following 
RTS=1-RTS pin=“L” 


Ry,E=1 : 
DTR=1—DTR pin=“L” 
TxEN=1 


When the initial setting is complete, transfer operations are 
allowed. The RTS pin is initially set to the low-level by set- 
ting RTS to 1, and this serves as a CTS input with TxEN 


FE: The occurrence of a frame error in the receiver 
section makes the status information FE=1. 

OE: The occurrence of an overrun error in the receiver 
section makes the status information OE=1. 

PE: The occurrence of a parity error in the receiver 


section makes this status information PE=1. 

TxRDY: This information becomes 1 when the transmit 
data buffer is empty. Be careful because this has 
a different meaning from the T,xRDY pin that en- 
ters the high-level state only when the transmitter 
buffer is empty, when the CTS pin is in the low- 
level state, and when T,EN is 1. 


1 FOR DSR=“L’,0 FOR DSR=“H” 


SAME DEFINITION AS SYNDET/BD PIN 


FE IS SET WHEN A VALID STOP BIT IS NOT DETECTED AT THE END OF EVERY CHAR- 


——__________—-] ACTER (ASYNC ONLY) IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION 


FE DOES NOT INHIBIT OPERATION OF THE MS5M82C51AP 


OE IS SET WHEN THE CPU DOES NOT READ A CHARACTER BEFORE THE NEXT ONE 
BECOMES AVAILABLE IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION 
OE DOES NOT INHIBIT OPERATION OF THE M5M82C51AP 


PE IS SET WHEN A PARITY ERROR IS DETECTED IT IS RESET BY THE ER BIT OF THE 
COMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE M5M82C51AP 
SAME DEFINITION AS TxEMPTY PIN 

SAME DEFINITION AS RxRDY PIN 


= =} 1 FOR TRANSMIT DATA BUFFER IS EMPTY 





being equal to 1. For this reason the same definition ap- 
plies to the status and pin of TyRDY, and 1 is assigned 
when the transmit-data buffer is empty. Actual transfer of 
data is carried out in the following way: 

IN 014 Status read 
The IN instruction prompts the CPU to read the USART’s 
status. The result is; if the T,RDY equals 1 transmitter data 
is sent from the CPU and written on the M5M82C51 AP. 
Transmitter data is written in the M5M82C51AP in the fol- 
lowing manner: 


MVI A, 2D+ 2Dig is an example of trans- 
mitter data. 
OUT 00 + USART+(A) 
Receiver data is read in the following manner: 
IN 00 + (A)+<-USART 


In the above example, the status information is read and as 
a result, the transmitter data is written and read. Interrup- 
tion processing by using the TxRDY and RxRDY pins is also 
possible. 

Fig. 12 shows the status of the TxD pin when data written in 
the USART is transferred from the CPU. When the data 
shown in Fig.12 enters the RxD pin, data sent from the 
MSM82C51AP to the CPU becomes 2Di¢ and bits Dg and Dy 
are treated as 0. 
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BAUD RATE 
GENERATOR RESET IN EXTERNAL 
(DIVIDER) CIRCUIT 


TO EXTERNAL CIRCUIT 


TO TRANSMISSION = LINE 


TO MEMORY AND OTHER PERIPHERAL DEVICES 





Fig. 11 Example of circuit using the asynchronous mode 


SAMPLING STOP BIT (1.5 BITS) 


START ane [____ pata __ Lt ae BIT 


PARITY BIT 





Fig. 12 Example of data transmission 
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Symbol [Parameter ——SC*~=~“‘*dSSC*~*~*~*~*~C tons —YSSCRatings it 
Input voltage With respect to Vss —0.3~Vec+0. 3 
Output voltage =0.3~Veo+0.3 

MAX “H” All output and !/O pins output 
loHMAX a —~500 uA 
Output current H” level and force same current 
MAX “L” All output and I/O pins output , 
lotmax os 25 mA 
Output current L” level and force same current 
Operating free-air temperalure range ee 
Storage temperature range ee eel —65~150 
















RECOMMENDED OPERATING CONDITIONS (ta=—20~75°C unless otherwise noted) 


Fomor a 
ewe 


Power-supply voltage (GND) ae 


















lop =—400uA 
V High-level output voltage ot : 
lon=—20uA 
Low-level output voltage lol =2. 2mMA 
Ico | Supply current from Veco All outputs are high-level 


Off-state input current Vo=0V~Vec —10. 
lo Input terminal capacitance Voc=Vss, f=1MHz, 25MVrms, Ta=25C 


Input/output terminal capacitance Voec=Vss, f=1MHz, 25mMVrms, Ta=29C 


1H 
IL 
OH 
OL 
loc 
hie 
C; 
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TIMING REQUIREMENTS (Ta=-—-20~75C, Vcc=5V+10%, Vss=0V unless otherwise noted) 


Clock cycle time (Notes4, 5) 
Clock high pulse width 
Clock low pulse width 


Clock rise time 


Limits 
Typ 


x 
N 










Parameter Unit 


< 


32 
12 


135 
toc ¢)—90 


O oO|oO 


Clock fall time 


ue sae 1X baud rate 
Transmitter input clock 
f+ 16X baud rate 
frequency 
64X baud rate 


NTR 
O1oO fo) 


.w) 
0 


310 








Transmitter input clock low 
Transmitter input clock high 
pulse width 


es 1X baud rate 
Receiver input clock 
f 16X baud rate 
frequency 
64X baud rate 


toc) 
toi ¢) 
toc ¢) 
tors) 


kHz 
| 615 | 


tw(TPWL) 


1s) 
.@) 






x 
RX 


) 


23 ag O = {9 
w]ol m}1O]O w]ol m1 O 


Receiver input clock low 1X baud rate 

pulse width 16X, 64X baud rate 
Receiver input clock high 1X baud rate 

pulse width 16X, 64X baud rate 
Address setup time before read (CS, C/D) (Note6) 
Address hold time after read (CS, C/D) (Note6) 


Read pulse width 250 (200) 
Address setup time before write 
Address hold time after write 
D 


tw RPWL) 


toc 4) 









N 
or 
o 
rN 
o 
= 


nN 


) 

) 

Write pulse width 

Data setup time before write 

Data hold time after write 

E-SYNDET setup time before RxC 

Control setup time before read 

Write recovery time between writes (Note7) 
RxD setup time before internal sampling pulse 
RxD hold time after internal sampling pulse 


Note 4 : The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1X baud rate frx, fax1/(30te¢)). For 16X, 64X baud rate frx, fax S1/(4. Steg) ) 

Reset pulse width=6to,g) minimum. System clock must be running during reset. 

CS, C/D are considered as address. 

This recovery time is for mode initialization only. Write data is allowed only when TxRDY=1 Recovery time between writes for asynchronous 
mode is 8tgg), and that for synchronous mode is 16tg¢). 


0 


— 
oi 
So 

rN 
—_ 
oS 
Oo 

= 


toc 4) 


toc) 


LS 
KS 





nO 
So 
ee es ale 





~SWO O1 
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SWITCHING CHARACTERISTICS (Ta=—20~75°, Vec=5V+10%, Vss=OV unless otherwise noted) 


Symbol Parameter Test conditions 


‘ 


| Max _ 

100 

es 

| 8 | toss | 

26 
26 

aoe 






















tos) 


Propagation time from rising edge of RC to internal SYNDET (Note9) 
Propagation time from center of last bit to Tx EMPTY (Note9) 
Propagation time from rising edge of WR to control (Note9) 


Note 8 : Assumes that address is vaild before falling edge of RD. 
9 : Status-up data can have a maximum delay of 28 clock periods from the event affecting the status. 92 4 


10: Input pulse level 0. 45~2. 4V Reference level Input Viy=2V, V;_=0. 8V 2 
Input pulse rise time 10ns Output Von=2V, VoL.=0. 8V 0.8 0.8 
Input pulse fall time 10ns 0. 45 


11: M5M82C51AP is also invested with the extended specification showed in the brackets. 
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TIMING DIAGRAMS 
System Clock 





CLK 


Transmitter Clock & Data 
1 2 3 4 5 6 7 8 9 0 dW 12 #+13 «+14 «+«215 #6 1 #2 3 4 = 6 


TxC(16X) 


tw(tewL) tw(tewH) 
TxC(1X) 


tozvitxc-TxD) 


Receiver Clock & Data 


Ry-BIT COUNTER STARTS HERE 
RD START BIT DATA BIT DATA BIT 
Xx 


RxC 16RxC PERIODS 


8RxC PERIODS 
4 9 10 11 12 1314 15 161 2 3 4 5 6 7 8 |9 10 1112 13 14 15 16 1 2 3 
RyC(16X) 

ae | 


RxC(1X) : Ht 3tocs) 
INTERNAL 
SAMPLING 
PULSE 


twi¢) 
th(is-Rxp) 













: 
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Write Control Cycle (CPU->USART) 


Dz~Do 
(DATA INPUT) 


tsu(a-w) th(w-a) 


tsu(a-w) h(w-a) 


—— w) | | thcw- al 


VALID 


tpHe(w-c) 


Read Control Cycle (USART-CPU) 


oO 
” 
a 
(2) 
+ 
(ep) 


Dy~ Do 
(DATA OUTPUT) 


( 


tsu(c-r) 
tsu(a-R) thcr-a) 


tsu(a-r) thcr-a) 


tpvz(r-pa) 
tpzv(r-pa) 


Mh 
\\ 


VALID ) 
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Write Data Cycle (CPU--USART) 


C/D 


Dy~ Do 
(DATA INPUT) 


TyxRDY 


Read Data Cycle (USART—>CPU) 


Dz~Do 
(DATA OUTPUT) 


RxRDY 


tsu(a-w) thiw-a) 


thw-a) 


tsu(a-w) 


teHL(w-TxR) 


tsu(a-R) thir-a) 


tsu(a-R) 





tpvz(r-pa) 


wy, VALID) 


tpHL(R-RxR) 
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Transmitter Control & Flag Timing (Asyné Mode) 


C/D 





WR-TxXEN WR-DATA1 WR-DATA 2 WR-DATA 3 WR-DATA 4 WR-SBRX 


TxRDY 
(PIN) 






as 
it 


T,xRDY 
(STATUS) 
TxEMPTY 
TxD LYN Ys)orste 


DATA | DATA4 BREAK STATE 


Note 12: Example format= 7 bits/character with parity & 2 stop bits 
13: TxRDY(pin)=“H"+—(Transmit-data buffer is empty) » (TxEN= 1 ) + (CTS=“L”) 
14: TyRDY(status)= 1 +—(Transmit-data buffer is empty) 


Receiver Control & Flag Timing (Async Mode) 





C/D 


RD DATA1 RD DATA3 RD ALL 0 DATA 


WR-RxE WR-R,xE WR-RxE 


BD 
(PIN) 


DATA2 
LOST ! 


OE 
(STATUS) 


try H CLB RxR 


R,xRDY 









i 


S S 


SL AEEOE? \sSQORROEES KMREES \scizsessepsoizzssere 


DATA 1 Pp DATA 2 is DATA 3 P BREAK “STATE 





Rx 


7) 


Note 15: Example format= 7 bits/character with parity & 2 stop bits 
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Transmitter Control & Flag Timing (Sync mode) 





WR WR WR 
DATA 1 DATA 2 DATA 2 DATA 4 SBRK as DATA 5 


T,RDY 
-. akin = 
me 7 =o 


STATE DATA1 DATA2 SYNC SYNC’ DATA3 DATA4 ues anes pees DATA5 SYNC SYNC 
CH1 CH2 CH1 CH2 


n 


~~ 


oO 


Tx 


Note 16: Example format= 5 bits/character with parity, bi-sync characters. 


Receiver Control & Flag Timing (Sync Mode) 


INTERNAL SYNC MODE EXTERNAL SYNC MODE 


RD RD RD RD RD 
yu STATUS mu YY CH | STATUS RD STATUS RD DATA 


RD I 
WR- ‘ae -RyE WR-EH-R,E 
WR 
INTERNAL anh SINC tsu(esp-Rxc) 
SYNC 
SYNDET —— teLH(RxC-SyYD) i (INPUT) 
(PIN) : 
SYNDET al 
(STATUS) DATA 
er DST 
LDST 
OE 
™ eG 











RxRDY 
Be =shwasaoredonorbnebseuobnontuo conan 
SYNC SYNC | ‘DATA 1 DATA2 DATA3 SYNC SYNC DATA 1 DATA 2 
RC CH1 CH2:! CH 1 CH2 
EXITS HUNT MODE Ml CHARACTER | SYNDET SET 
SYNDET SET J Louaracre BEGINS SYNDET SET ASSEMBLY (STATUS) 
Note 17: Example format= 5 bits/character with parity, bi-sync characters. 
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DESCRIPTION 

The M5M82C54P is a programmable general-purpose timer 
device developed by using the silicon-gate CMOS process. 
It offers counter and timer functions in systems using an 8- 
bit parallel-processing CPU. The use of the M5M82C54P 
frees the CPU from the execution of looped programs, 
count-operation programs and other simple processing in- 
volving many repetitive operations, thus contributing to im- 
proved system throughputs. It is housed in a 24-pin plastic 
molded DIP. 

And preparatory for surface equipment M5M82C54FP 
(SOP) and M5M82C54J(PLCC). 


FEATURES 

@ Single 5V supply voltage 

@ TTL compatible 

@ Pin connection compatible with M5L8253P-5 (except 
M5M82C54J ) 

Clock period : DC~8MHz 

3 independent built-in 16-bit down counters 

6 counter modes freely assignable for each counter 
Binary or decimal counts 

Read-back command for monitoring the count and 
status 


APPLICATION 
Delayed-time setting, pulse counting and rate generation in 
microcomputers. 


FUNCTION 

Three independent 16-bit counters allow free programming 
based on mode-control instructions from the CPU. When 
roughly classified, there are 6 modes (0~5). Mode 0 is 
mainly used as an interruption timer and event counter, 
mode 1 as a digital one-shot, modes 2 and 3 as a rate 
generator, mode 4 for a software triggered strobe, and 
mode 5 for a hardware triggered strobe. 

The count can be monitored and set at any time. Besides 


the count, the status of the counter can be monitored by 


Read-back command. The counter operates with either the 
binary or BCD system. 





PIN CONFIGURATION (TOP VIEW) 


BIDIREC- 
TIONAL 
DATA BUS 


djvSocswsn 
JO 


COUNTER OUTO « 


OUTPUT 


Outline 
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24P4 


dvSoc8Wswn 


—— CHIP-SELECT 
CS input 


A 
"| ADDRESS 
— Ay} INPUTS 


= COUNTER 
OUT2 ouTPUT 


+<— GATE1 GATE INPUT 


an COUNTER 
OUT! output 


(M5M82C54P) 


24P2W (M5M82C54FP) 


a 
t 
4 | 


| 

=) 
Ee 
=) 
O 


aa 
t f 


O 
z 


Outline 


Q 
or 
4 


: NO CONNECTION 
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BLOCK DIAGRAM 


WORD 


(Ov) Vss REGISTER 


& CLK 0 CLOCK INPUT 


COUNTER aa 
r () GATEO — GATE INPUT 


0 


ae -_ OUT 0 COUNTER OUTPUT 


| 
(5V) ne CONTROL- 
H 





e 
BIDIRECTIONAL iota DATA- 


DATA BUS CS BUS CLK 1 CLOCK INPUT 
Boren 8 COUNTER 


GATE | GATE INPUT 
1 


OUT | COUNTER OUTPUT 


READ INPUT CLK 2 CLOCK INPUT 


WRITE INPUT NR COUNTER 
2 


GATE 2 GATE INPUT 





CHIP-SELECT INPUT OUT 2 COUNTER OUTPUT 


ADDRESS INPUTS INTERNAL 
DATA BUS 
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DESCRIPTION OF FUNCTIONS 

Data-Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the M5M82C54P to the system-side data bus. Transmission 
and reception of all the data including control words for 
mode designation and values written in, and read from, the 
counters are carried out through this buffer. 

Read/Write Logic 

The read/write logic accepts control signals (RD, WR) 
from the system and generates control signals for each 
counter. It is enabled or disabled by the chip-select signal 
(CS); if CS is at the high-level the data-bus buffer enters a 
floating (high-impedance) state. 

Read Input (RD) 

The count of the counter designated by address inputs Ao 
and A; on the low-level is output to the data bus. 

Write Input (WR) 

Data on the data bus is written in the counter or control- 
word register designated by address inputs Ap and A; on 
the low-level. 

Address Inputs (Ap, A;) 

These are used for selecting one of the 3 internal counters 
and either of the control-word registers. 

Chip-Select Input (CS) 

A low-level on this input enables the M5M82C54P. Changes 
in the level of the CS input have no effect on the operation 
of the counters. 

Control-Word Register 

This register stores information required to give instructions 
about operational modes and to select binary or BCD 
counting. It allows reading,using Read back command. 
Counters 0,1 and 2 

These counters are identical in operation and independent 
of each other. Each is a 16-bit, presettable, down counter, 
and has clock-input, gate-input and output pins. The coun- 
ter can operate in either binary or BCD using the falling 
edge of each clock. The mode of counter operation and the 
initial value from which to start counting can be designated 
by software. The count can be read by input instruction at 
any time, and there is a “read-on-the-fly” function which 
enables stable reading by latching each instantaneous 
count to the registers by a special counter-latch instruction. 


CONTROL-WORD AND INITIAL-VALUE LOADING 
The function of the M5M82C54P depends on the system 
software. The operational mode of the counters can be 
specified by writing control words (Ao, A;=1, 1) into the 
control-word registers. 

The programmer must write out to the M5M82C54P the 
programmed number of count register bytes (1 or 2) prior 
to actually using the selected counter. 

Fig. 1 shows control-word format, which consists of 4 fields. 
Only the counter selected by the D7 and Dg bits of the con- 
trol-word is set for operation. Bits Ds; and D, are used for 
specifying operations to read values in the counter and to 
initialize. Bits D3~ D; are used for mode designation, and 
Do for specifying binary or BCD counting. When Do=0, bin- 
ary counting is employed, and any number from 0000;¢ to 
FFFFig can be loaded into the count register. The counter 
is counted down for each clock. The counting of 0000i.¢ 
causes the transmission of a time-out signal from the count- 
output pin. 

The maximum number of counts is obtained when 0000j¢ is 
set as the initial value. When Do=1, BCD counting is em- 
ployed, and any number from 0000; to 9999;5 can be loaded 
on the counter. 

Neither system resetting nor connecting to the power supp- 
ly sets the control word to any specific value. Thus to bring 
the counters into operation, the above-mentioned control 
words for mode designation must be given to each counter, 
and then 1~2 byte initial counter values must be set. The 
following is an example of this programming step. 

To designate mode 0 for counter 1 ,with initial value 8254;., 


set by binary count, the following program is used: 


MVI A, 70,5, Control word 70. 

OUT n, n, is control-word-register address 
MVI A, 54,, | Low-order 8 bits 

OUT hn, Nz is counter 1 address 

MVI A, 82;, | High-order 8 bits 

OUT n2 N2 is counter 1 address 


Thus, the program generally has the following sequence: 

(1) Control-word output to counter i (i=0, 1, 2). 

(2) Initialization of low-order 8 counter bits 

(3) Initialization of high-order 8 counter bits 

The three counters can be executed in any sequence. It is 
possible, for instance, to designate the mode of each coun- 
ter and then load initial values in a different order. Initializa- 
tion of the counters designated by RL 1 and RL 0 must be 
executed in the order of the low-order 8 bits and then the 
high-order 8 bits for the counter in question. 
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Table 1 Basic Functions 


Data bus~>Counter 0 

Data bus—>Counter | 

Data bus->Counter 2 

Data bus->Control-word register 
Data bus+-Counter 0 

Data bus+-Counter 1 

Data bus--Counter 2 

3-state 


3-state 


erreeeeesh 
3| 
Ps) 


De Cc Re GS Rs CE OS a ce ol 


3-state 





@SC(Select Counter) 


SCl Sco 

0 0 Select counter 0 
oe 
[rected conbraton 


@ RL(Read/Load) 











RLI RLO 


POs Oe i Counter Latch Command 


FOr aa Read/load low-order 8 bits only 
0-4 Read/load high-order 8 bits only 


cate Read/load low-order 8 bits and then high-order 8 bits 

















= Sei Binary counter (16-bit) 
a Binary-coded decimal counter (4 decades) 


D7 De Ds D4 D3 


D2 D, Do 


Ps SO RE BCD 





Fig.1 Control-Word Format 
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MODE DEFINITION 

Mode 0 (Interrupt on Terminal Count) 

Mode set and initialization cause the counter output to go 
low-level (see Fig. 2). When the counter is loaded with an 
initial value, it will start counting the clock input. When the 
terminal count is reached, the output will go high-level and 
remain high-level until the selected count register is re- 
loaded with the mode. This mode can be used when the 
CPU is to be interrupted after a certain period or at the 
time of counting up. 

Fig. 2 shows a setting of 4 as the initial value. If gate input 
goes low-level, counting is inhibited for the duration of the 
low-level period. 

Reloading of the initial value during count operation will 
stop counting by the loading of the first byte and start the 
new count by the loading of the second byte. 

Mode 1 (Programmable One-Shot) 

The gate input functions as a trigger input. A gate-input ris- 
ing edge causes the generation of low-level one-shot out- 
put with a predetermined clock length starting from the 
next clock. Fig. 3 shows an initial setting of 4. While the 
counter output is at the low-level (during one-shot), loading 
of a new value does not change the one-shot pulse width, 
which has already been output. The current count can be 
read at any time without affecting the width of the one-shot 
pulse being output. This mode permits retriggering. 

Mode 2 (Rate Generator) 

Low-level pulses during one clock operation are generated 
from the counter output at a rate of one per n clock inputs 
(where n is the value initially set for the counter). When a 
new value is loaded during the counter operation, it is re- 
flected on the output after the pulses by the current count 
have been output. In the example shown in Fig. 4 , n is 
given as 4 at the outset and is then changed to 3. 

In this mode, the gate input provides a reset function. While 
it is on the low-level, the output is maintained high-level; 
the counter restarts from the initial value, triggered by a ris- 
ing gate-input edge. This gate input, therefore, makes 
possible external synchronization of the counter by hard- 
ware. 

After the mode is set, the counter does not start counting 
until the rate n is loaded into the count register, with the 
counter output remaining at the high-level. 

Mode 3 (Square Rate Generator) 

This is similar to Mode 2 except that it outputs a square 
wave with the half count of the set rate. When the set value 
n is odd, the square-wave output will be high-level for (n-+ 
1)/2 clock-input counts and low for (n—1)/2 counts. When 
a new rate is reloaded into the count register during its op- 
eration, it is immediately reflected on the count directly fol- 
lowing the output transition (high-to-low or low-to-high) of 
the current count. Gate-input operations are exactly the 
same as in Mode 2. Fig. 5 shows an example of Mode 3 op- 
eration. 






Mode 4 (Software Triggered Strobe) 

After the mode is set, the output will be high-level. By load- 
ing a number on the counter, however, clock-input counts 
can be started and on the terminal count, the output will go 
low-level for one input-clock period and then will go high- 
level again. Mode 4 differs from Mode 2 in that pulses are 
not output repeatedly with the same set count. The pulse 
output is delayed one clock period in Mode 2, as shown in 
Fig. 6. When a new value is loaded into the count register 
during its count operation, it is reflected on the next pulse 
output without affecting the current count. The count will be 
inhibited while the gate input is low-level. 

Mode 5 (Hardware Triggered Strobe) 

This is a variation of Mode 1. The gate input provides a 
trigger function, and the count is started by its rising edge. 
On the terminal count, the counter output goes low for on 
one clock period and then goes high-level. As in Mode 1, 
retriggering by the gate input is possible. An example of 
timing in Mode 5 is shown in Fig. 7. 

As mentioned above, the gate input plays different roles 
according to the mode. The functions are summarized in 


Table 3. 


Enables 
counting 


Enables 
counting 





Table 2 Gate Operations 
Low-level 

or 

going low-level 


(1) Initiates counting 
1 (2) Resets output 
after next clock 




















(1) Reloads counter 


(1) Disables counting 
(2) Initiates counting 


(2) Sets output high 
immediately 


















Enables 
counting 


(1) Reloads counter 


(1) Disables counting 
(2) Initiates counting 


(2) Sets output high 
immediately 


eee 


5 
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1 


WR (n=4) 





Fig. 2 Mode 0O 


eck SLELILILI LIL LLL Ly 

WR (n=4)LJ 

GATE Eaton 
43 2 7 Oe 

out ra 

GATE 7 7 

OUT 


Fig. 3 Mode 1 





OUT(GATE=“H” 
GATE 


OUT 





Fig. 4 Mode 2 


COUNTER MONITORING 

Sometimes the counter must be monitored by reading its 
count or using it as an event counter. The M5M82C54P 
offers the following two methods for count reading: 

Read Operation 

The count can be read by designating the address of the 
counter to be monitored and executing a simple I/O read 
operation. In order to ensure correct reading of the count, it 
is necessary to cause the clock input to pause by external 
logic or prevent a change in the count by gate input. An ex- 
ample of a program to read the counter | count is shown 
below. If RL1, RLO=1, 1 has been specified in the control 
word, the first IN instruction enables the low-order 8 bits to 
be read and the second IN instruction ‘enables the high- 
order 8 bits. 


IN | Nz is the counter 1 address 
MOV D,A 

IN no 

MOV E,A 


The IN instruction should be executed once or twice by the 
RL1 and RLO designations in the control-word register. 


CLK 
OUT(n=4) 
A Oe a SD 4 2 


OUT(n=5) 


GATE 
4 2. 2 4 2 4 2 4.22 


4 2 
oC) pay ee ees CN pee 





Fig. 5 Modes 


4 3 2 } 4 3 +2 =] 
OUT(n=4) Ls 





Fig. 7 Mode 5 


Read-on-the-Fly Operation 

This method makes it possible to read the current count 
without affecting the count operation at all. A special coun- 
ter-latch command is first written in the control-word regis- 
ter. This causes latching of all the instantaneous counts to 
the register, allowing retention of stable counts. An exam- 
ple of a program to execute this operation for counter 2 is 
given below. 


MVI A, 1000XXXX ---- D;=D,=0 designates counter 
latching 

OUT iin, ---- n; is the control-word-register address 

IN nz «**- n3 is the counter 2 address 

MOV D,A 

IN ns 

MOV E,A 


_ In this example, the IN instruction is executed twice. Due to 


the internal logic of the M5M82C54P it is absolutely essen- 
tial to complete the entire reading procedure. If 2 bytes are 
programmed to be read, then 2 bytes must be read before 
any OUT instruction can be executed to the same counter. 
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READ BACK COMMAND 

M5M82C54P has a function of reading not only the count but 

also status (Read Back Command). The read back com- 

mand enables the next four functions. 

(1) read the current count “on the fly” 

(2) monitor the current state of the OUT pin 

(3) monitor the current state of the counter element 
(whether the count is loaded into the counter element 
or not) 

(4) read the control-word 

Read back operation can be specified by writing read back 

command into the control word registers (Ap, A; =1, 1). Fig. 

8 shows the format of read back command. 

Bits D7 and Dg are used for specifying read back command 

and fixed 1 (D7 =1, Dg =1). Respectively bits D, (count) 

and D, (status) are used for reading the count and the sta- 

tus of the counter selected by the D3~D, bits. Bit Do must 

be fixed 0. 

Only the count can be read “on the fly” by setting D; =0 

and D, =1 as well as counter latch command above men- 

tioned. If D3~D, are set 1 all, the counts of three counters 

are simultaneously latched by one read back command. 

(By counter-latch command, it must be latched for each 

counter.) Next, by read operation, the latched count is read 

out. 

Only the status can be latched by setting D; =1 and D, =0. 

By read operation, the status shown in Fig. 9 can be read. 

it Dz gives the current state of OUT pin. When D; =1, 

OUT = “H”, and when D7 =0, OUT = “L”. Bit Dg indicates 

the current state of counter element. When D, =1, the ini- 

tial counter value has not been loaded to counter element. 

This state is following. 

(1) The control word is written, but the initial counter value 
is not loaded 

(2) The initial counter value is written to count register, and 
the CLK inputs are not. 

When D, = 0, the initial counter value has already been 

loaded. It is the state when the CLK falls following the ris- 

ing edge after the initial value is written. Bits D;~D,) show 

the current state of the control-word regsiter. 

It is possible to read both the count and the status. By set- 

ting D; =0 and D, =0, the status can be read first, and the 

count next. 

The count and/or the status are unlatched when read, so by 

the next read operation the current counting value can be 

read. And they are unlatched too when the control-word is 

set, so the read back command must be set on all such 

occasions. 

If multiple read back commands are written before the read 

operation, only the first one is valid. 

Thus, the read of the status is effective when the state of 

output and the timing of count reading can be monitored by 

software. 
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@® Read Back Command 
(D7=1,. De=1 : fixed) 


@ COUNT=0 : Latch Count 
@®STATUS=0: Latch Status 
CNT2=1 : Select Counter 2 
e CNT1=1 : Select Counter 1 
CNT0=1 : Select Counter 0 
= @ Fixed on 0 


D7 De Ds Da D3 D2 D, Do 
Se 





Fig. 8 Read Back Command Format 


@State of OUT pin 
OUT 
| 
@State of counter element 
CNT 
oe Initial value unloaded 
ae Initial value loaded 
@State of control word register 
(cf. Fig. 1) 


D; D, 


6 Ds D, D3 D2 D, Do 


















Fig. 9 Status Byte 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Conditions 
Power supply voltage 
Output voltage 
MAX “H” All output and I/O pins output 

Output current “H” level and force same current 
MAX “L” All output and 1/O pins output 

Output current “L” level and force same current 





loHMAX 


lotmax 





Toor Operating free-air temperature range 





Tstg Storage temperature range 










Symbol 


Vcc 


Parameter 


Power supply voltage 














Supply voltage (GND) 








ELECTRICAL CHARACTERISTICS (ta=—20~75C, Voc=5V+10%, Vss==0V, unless otherwise noted) 







High-level input voltage 
Low-level input voltage ; 


estes 
| 
[imine ra 
Peed 
Dome! 
ere 














Wen. Low-level output voltage lo. =2. OMA 


PV 

= 
pin ae 
| i. _| Low-level input current EO Se os rere ee ete eased 
ee Ce 
| leo ares 
| loos | Led 

Lea 

= 


Ht} He] 
o|1o 
>i > 


Vin 
Vit 
Vou 
Vor 
he 
he 
loc Supply current from Vcc (operating) f=8MHz 
locs Supply current from Voc (stand by) V,=0V, Veco 
Input termiral capacitance Vit=Vss, f=1MHz, 25mVrms, Ta=25°C 


Ci/o Input/output termiral capacitance VijoL=Vss, f=1MHz,25mVrms, Ta=25°C 


t 
R13 
>> 


el 


é 





oO 
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TIMING REQUIREMENTS (Ta=—20~75C, Voc=5V+10%, Vss=OV, unless otherwise noted) 


Read cycle 


Limits 
bol Parameter Test conditions Unit 
ee reamete | ostcontone | ase 


iso [es 
of [| ns _| 
es ee 
ane ea 
aaa eee 













Address setup time before read 
Address hold time after read 
Read recovery time 


Write cycle 


twiw) __| Write pulse width P| 
tsu(s-w) | CS setup time before write a ia 








Data hold time after write 


Note 1 : M5M82C54P is also invested with the extended specification showed in the bracket. 









Write recovery time 


Clock and gate timing 


Symbol! 
fsbo Typ 


0 


Symbol Parameter 


Propagation time from address to output 


Propagation time from read to output 


Propagation time from read to output floating (Note 3) C_=150pF 


Propagation time from gate to output 
Propagation time from clock to output 
Note 2 : A.C Testing waveform 





Input pulse level 0. 45~2. 4V 2.4 5 5 
Input pulse rise time 10ns 0.8 0.8 
Input pulse fall time 10ns 0. 45 : 
Reference level input Vin=2V, Vi_=0. 8V 

output VoH=2V, Vo_=0. 8V 


3 : Test condition is not applied 
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TIMING DIAGRAMS 
Read Cycle 


tsu(a—r) 
h(rR—a) 


( 


ho <r 
"Ar y 
Write Cycle 
Cs 


eae 
: al 
tsua-w | [ww ane 
a Eee 


1 ss: 


see | inaawes 
ono ( 
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DESCRIPTION 

The MSM82C55AP-2 is a family of general-purpose prog- 
rammable input/ output devices designed for use with the 
8/16-bit parallel! CPU as input/output ports. 

This device is fabricated using silicon-gate CMOS technol- 
ogy for a single supply voltage. This LSI! is having 24 input/ 
output pins which correspond to three 8-bit input/output 
ports. It is housed in a 40-pin plastic molded DIP. 

And preparatory for surface equipment M5M82C55AP-2 
(SOP) and M5M82C55AJ-2 (PLCC). 


FEATURES 

@ 120nsec access time 

@ Having internal anti-noise circuit on RESET, ACK and 
STB pins 

Single 5 V supply voltage 

TTL compatible 

Improved DC driving capability 

Improved timing characteristics 

24 programmable |/O pins 

Direct bit set/reset capability 


APPLICATION 


Input/output ports for microprocessor 


FUNCTION 

These PPlis have 24 input/output pins which may be indi- 
vidually programmed in two 12-bit groups A and B with 
mode control commands from a CPU. They are used in 
three major modes of operation, mode 0 , mode 1 and mode 
2. Operating in mode 0 , each group of 12 pins may be 
programmed in sets of 4 to be inputs or outputs. In mode 1 , 
the 24 I/O terminals may be programmed in two 12-bit 
groups, group A and group B. Each group contains one 8- 
bit data port, which may be programmed to serve as input 
or output, and one 4-bit control port used for handshaking 
and interrupt control signals. Mode 2 is used with group A 
only, as one 8-bit bidirectional bus port and one 5-bit con- 
trol port. Bit set/reset is controlled by CPU. A high-level re- 
set input (RESET) clears control register, and all ports are 
set to the input mode (high-impedance state). 


PIN CONFIGURATION (TOP VIEW) 
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BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 

RD (Read) Input 

At low-level, the status or the data at the port is transferred 
to the CPU from the PPI. In essence, it allows the CPU to 
read data from the PPI. 

WR (Write) Input 

At low-level, the data or control words are transferred from 
the CPU and written in the PPI. 

Ao, A; (Port address) Input 

These input signals are used to select one of the three 
ports: port A, port B, and port C, or the control register. 
They are normally connected to the least significant 2 bits 
of the address bus. 

RESET (Reset) Input 

At high-level, the control register is cleared. Then all ports 
are set to the input mode (high-impedance state). 

CS (Chip-Select) Input 

At low-level, the communication between the PPI and the 
CPU is enabled. While at high-level, the data bus is kept in 
the high-impedance state, so that commands from the CPU 
are ignored. Then the previous data is kept at the output 
port. 

Read/Write Control Logic 

The function of this block is to control transfers of both data 
and control words. It accepts the address signals (Ao, Ai, 
CS), I/O control signals (RD, WR) and RESET signal, and 
then issues commands to both of the control groups in the 
PPI. 

Data Bus Buffer 

This three-state, bidirectional, 8-bit buffer is used to trans- 
fer the data when an input or output instruction is executed 
by the CPU. Control words and status information are also 
transferred through the data bus buffer. 

Group A and Group B Control 

Accepting commands from the read/write control logic, the 
control blocks (Group A, Group B) receive 8-bit control 
words from the internal data bus and issue the proper com- 
mands for the associated ports. Control group A is associ- 
ated with port A and the 4 high-order bits of port C. Control 
group B is associated with port B and the 4 low-order bits 
of port C. The control register, which stores control words, 
can only be written into. | 

Port A, Port B and Port C 

The PPI contains three 8-bit ports whose modes and input/ 
output settings are programmed by the system software. 
Port A has an output latch/buffer and an input latch/buffer. 
Port B has an input-output latch/buffer. Port C has an output 
latch/buffér and an input buffer. Port C can be divided into 
two 4-bit ports which can be used as ports for control sig- 
nals for port A and port B. 

The basic operations are shown in Table 1. 


MITSUBISHI 


Table 1 Basic Operations 


[A [As [SS[RD[WR[—Operaton——SS—*d 
Fo; o [ttle [ptawnreca 
ropa [tt [| eta perone CS 
Pro Pe tw [pata pue ron 
Poo ft [a |e [Pot a=datape id 
roft Pt [ w(t [rot e=petaue CS 
rio Pepa Le [ron c= betas 
TT eae [contr register Gata bus 


x Xx H x X | Data bus is in high-impedance state 
1 1 L Li H | Illegal condition 


Bit Set/Reset . 
When port C is used as an output port, any 1bit of the 8-bit 
can be set (high) or reset (low) by a control word from the 
CPU. This bit set/reset can be operated in the same way 
as the mode set, but the control word format is different. 
This operation is also used for INTE (interrupt enable flag) 
set/reset in mode 1 and mode 2. 























Bit set/reset flag 


Set/reset code 
| Set (high) =1 
D7|Ds|Ds]D4]D3|D2] D; [Do 


Reset (low) = 0 





Fi 


g. 1 Control word format for port C set/reset 
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BASIC OPERATING MODES 
The PPI can operate in any one of three selected basic 
modes. 







8 }DB7~DBo 


M5M82C55AP-2 
PA PCiu) PCi.) PB 














MSM82C55AP-2 














PCy) PCi) 
Mode 0: Basic input/output (group A, group B) ea re F aaa a” 
Mode 1: Strobed input/output (group A, group B) PC)~PC, 'PB)~PBo PC>~PC, Bayou: 
Mode 2: Bidirectional bus (group A only) PAy~PAg = PCa~PCo PAy~PAp = PC3~PCo 













D7 Dg Ds Dg D3 Dz D; Do 
11} 0/0} 0] 0] 0] 1] 0) 
8 }DB7~DBo 


M5M82C55AP-2 
PA PCiuy) PCiL) PB 


The mode of both group A and group B can be selected in- 
dependently. The control word format for mode set is 
shown in Fig. 2. 


D7 Dg Ds Dg D3 Dz Dy Do 


ifojofojojoji ty 










M5M82C55AP-2 
PA PCiy) PCir) PB 















4 
PC;~PC, PB7~PBo 
PA7~PAo PC3~PCo 





4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 






Mode set flag 


Group A mode set 












D7 Dg Ds Da D3 Dz D; Do 


D7 Dg Ds D4 D3 Dz Di Do 


ifolojoji {ojo} 


Mode 1 De, Ds 
Mode 2 Dg, Ds 


Port A input/output set 


output = 0 
input =] 






M5M82C55AP-2 
PA PCiy) PCL) PB 









M5M82C55AP-2 
PA PCy) PCL) PB 
















4 
PC7~PC, PB7~PBo 
PA;~ PAg PC3~ PCo 


4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


D7 Dg Ds Dg D3 D2 Di Do 


Topo} oli fof io 


Port C (high-order 4 bits) input/output set 















output = 0 
input =] 


Group B mode set 
Mode 0 = 0 
Mode 1 = 1 
Port B input/output set 
output = 0 
input =1 
= Port C (low-order 4 bits) input/output set 


output = 0 


Preees[>osoTO[os 


Fig. 2 Control word format for mode set. 






D7 De Ds D4 D3 D2 Di Do 
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M5M82C55AP-2 
PA PCiy) PCiL) PB 


M5M82C55AP-2 
PA PCiy) PCL, PB 














4 
PC7~PC, PB7~ PBo 
PA7~PAo PC3~PCo 


D7 Dg Ds Da D3 D2 Di Do 
}1/ 0} 0] 1) 0] 0] 0} 1 
8 }DB7~DBo 


M5M82C55AP-2 
PA PCiy) PCir) PB 





4 
PC7~PC, PB7~PBo 
PA7z~PAo PC3~PCp 


D7 Dg Ds Dg D3 D2 Di Do 


Li fof ol 1} 0} 0} 0} 0) 

















M5M82C55AP-2 
PA PCiy) PCiL) PB 






















1. Mode 0 (Basic Input/Output) 

This functional configuration provides simple input and out- 
put operations for each of the 3 ports. No “handshaking” is 
required; data is simply written in, or read from, the speci- 
fied port. Output data from the CPU to the port can be held, 
but input data from the port to the CPU cannot be held. Any 
one of the 8-bit ports and 4-bit ports can be used as an in- 
put port or an output port. The diagrams following show the 
basic input/output operating modes. 






8 4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


PC7~PC, PB7~PBo 
PA7~PAp PC3~PCo 

















D7 Dg Ds Dg D3 D2 Di Do 


Li fofol 1} ojo] 1/0) 


D7 Dg Ds D4 D3 D2 Di Do 


{Ojo} ojoliy 










M5M82C55AP-2 
PA PCy) PCr.) PB 


M5M82C55AP-2 
PA PCiy) PCiL) PB 




























PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


D7 Dg Ds Da D3 D2 D; Do 


4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


D7 Dg Ds Dg D3 Dz D; Do 






















M5M82C55AP-2 
PA PCiy) PCL) PB 


M5M82C55AP-2 
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M5M82CS5SAP-2 
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4 
PC7~PC, PB7~PBo 
PA7~PA9 PC3~PCo 






4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~>PCo 






4 4 78 
PC7~PC, PB7~PBo 
PA7~PAg PC3~PCo 


D7 Dg Ds D4 D3 Dz Di Do 





8 4 4 8 
PC7~PC, PB7~PBo 
PA7~ PAo PC3~PCo 



























D7 Dg Ds D4 D3 Dz Di Do 


[1] 0} 0) 0} 0} of 0} 0 


D7 Dg Ds D4 D3 D2 Di Do 


yopolijijolijoy 


D7 Dg Ds Dg D3 Dz Di Do 
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2. Mode 1 (Strobed Input/Output) 

This function can be set in both group A and B. Both groups 
are composed of one 8-bit data port and one 4-bit control 
data port. The 8-bit port can be used as an input port or an 
output port. The 4-bit port is used for control and status sig- 
nals affecting the 8-bit data port. The following shows op- 
erations in mode 1 for using input ports. 

STB (Strobe Input) 

A low-level on this input latches the output data from the 
terminal units into the input register of the port. In short, this 
is a clock for data latching. The data from the terminal units 
can be latched by the PPI independent of the control signal 
from the CPU. This data is not sent to the data bus until the 
instruction IN is executed. 

IBF (Input Buffer Full Flag Output) 

A high-level on this output indicates that the data from the 
terminal units has been latched into the input register. IBF 
is set to high-level by the falling edge of the STB input, and 
is reset to low-level by the rising edge of the RD input. 
INTR (interrupt Request Output) 

This can be used to interrupt the CPU when an input de- 
vice is requesting service. When INTE (interrupt enable 
flag) of the PPI is high-level, INTR is set to high-level by 
the rising edge of the STB input and is reset to low-level 
by the falling edge of RD input. 

INTE, of group A is controlled by bit setting of PCy. INTE, 
of group B is controlled by bit setting of PC>. 

Mode 1 input state is shown in Fig. 3, and the timing dia- 
gram is shown in Fig. 4. 


MODE 1 (PORT B) 


MODE 1 (PORT A) 


CONTROL WORD 
D7 Dg Ds Dg D3 Dz D; Do 


Lip op a] iio x] x] x) 


CONTROL WORD 
D7 Dg Ds Da D3 Do Di Do 


iy xi xix} xp x 


Fig. 3 An example of mode 1 input state 





Note 1 When INTE is low-level INTR ts always low-level. 





Fig. 4 Timing diagram 


The following shows operations using mode 1 for output 
ports. 

OBF (Output Buffer Full Flag Output) 

This is reset to low-level by the rising edge of the WR sig- 
nal and is set to high-level by the falling edge of the ACK 
(acknowledge input). In essence, the PPI indicates to the 
terminal units by the OBF signal that the CPU has sent data 
to the port. 

ACK (Acknowledge Input) 

Receiving this signal from a terminal unit can indicate to 
the PPI that the terminal unit has accepted data from a port. 
INTR (interrupt Request) 

When a peripheral unit is accepting data from the CPU, 
seting INTR to high-level can be used to interrupt the CPU. 
When INTE (interrupt enable flag) is high-level and OBF is 
set to high-level by the rising edge of an ACK signal, then 
INTR will also be set to high-level by the rising edge of the 
ACK signal. Also, INTR is reset to low-level by the falling 
edge of the WR signal when the PPI has been receiving 
data from the CPU. 

INTE, of group A is controlled by bit setting of PCs. INTE, 
of group B is controlled by bit setting of PCz. 

Mode 1 output state is shown in Fig. 5, and the timing dia- 
gram is shown in Fig. 6. 

Combinations for using port A and port B as input or output 
in mode 1 are shown in Fig. 7 and Fig. 8. 
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MODE 1 (PORT A)’ MODE | (PORT B) 
8 


CONTROL WORD CONTROL WORD 
D7 Dg Ds Da D3 D2 Di Do D7 Ds Ds D4 D3 D2 D; Do 


ptf of fofvolx] x} x) xi xix] x] folx, 
PC4, PCs 


1 =INPUT 


0 =OUTPUT Note 2 When INTE is low-level. then the output of INTR is 


aways low-level 





Fig. 5 An example of mode 1 output state Fig. 6 Timing diagram 


WR 


PORT A (STROBED OUTPUT) PORT A (STROBED INPUT) 
PORT B (STROBED INPUT) PORT B (STROBED OUTPUT) 


CONTROL WORD CONTROL WORD 
D7 Deg Ds D4 D3 De Di Do D7 Ds Ds Da D3 Dz Di Do 








1 =INPUT =|INPUT 
0 =OUTPUT 0=OUTPUT 
Fig. “7 Mode 1 port A and port B I/O example Fig. 8 Mode 1 port A and port B I/O example 
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3. Mode 2 (Strobed Bidirectional Bus Input/ 
Output) 

Mode 2 can provide bidirectional operations, using one 8-bit 

bus for communicating with terminal units. Mode 2 is only 

valid with group A and uses one 8-bit bidirectional bus port 

(port A) and a 5-bit control port (high-order 5 bits of port 

C). The bus port (port A) has two internal registers, one for 

input and the other for output. On the other hand, the con- 

trol port (port C) is used for communicating control signals 
and bus-status signals. These control signals are similar to 
mode 1 and can also be used to control interruption of the 

CPU. When group A is programmed as mode 2, group B 

can be programmed independently as mode 0 or mode 1. 

When group A is in mode 2, the following 5 control signals 

can be used. 

OBF (Output Buffer Full Flag Output) 

The OBF output will go low-level to indicate that the CPU 

has sent data to the internal register of port A. This signal 

lets the terminal units know that the data is ready for trans- 
fer from the CPU. When this occurs, port A remains in the 
floating (high-impedance) state. 

ACK (Acknowledge Input) 

A low-level ACK input will cause the data of the internal 

register to be transferred to port A. For a high-level ACK 

input, the output buffer will be in the floating (high- 
impedance) state. 

STB (Strobe Input) 

When the STB input is low-level, the data from terminal un- 

its will be held in the internal register, and the data will be 

sent to the system data bus with an RD signal to the PPI. 

IBF (Input Buffer Full Flag Output) 

When data from terminal units is held on the internal regis- 

ter, IBF will be high-level. 

INTR (interrupt Request Output) 

This output is used to interrupt the CPU and its operations 

the same as in mode |. There are two interrupt enable 

flags that correspond to INTE, for mode 1 output and mode 

1 input. 

INTE; is used in generating INTR signals in combination 
with OBF and ACK. INTE; is controlled by bit 
setting of PC. 

INTE2 is used in generating INTR signals in combination 
with IBF and STB. INTE: is controlled by bit set- 
ting of PC,. 

Fig. 9 shows the timing diagram of mode 2, and Fig. 10 is 

an example of mode 2 operation. 











DATA FROM DATA FROM 
TERMINAL UNIT CPU 


INTR=IBF - MASK: STB * RD + OBF: MASK: ACK: WR 


Fig. 9 Mode 2 timing diagram 


/O IBFa STB, ACK, OBF, I/O INTRa 
CONTROL WORD 


D7 De Ds Da D3 Dz Di Do 


}1] 11x] xx fi/ol/olt/o 


PC2~PCo 
1 =INPUT 
0 =OUTPUT 


PORT B 
1 =INPUT 
0 =OUTPUT 


GROUP B MODE 
0 =MODE 0 
1 =MODE 1 


Fig. 10 An example of mode 2 operation 
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4. Control Signal Read Table 2 Read-out control signals 
In mode 1 or mode 2 when using port C as a control port, 

by CPU execution of an IN instruction, each control signal 

and bus status from port C can be read. 

5. Control Word Tables 


Control word formats and operation details for mode 0, 
mode 1, mode 2 and set/reset control of port C are given in 
Tables 3, 4,5 and 6, respectively. 





Table 3 Mode O control words 


D7 De Ds Ds D3 D2 Di Do Port C (high-order 4 bits) Port C (low-order 4 bits) 
0 0 0 0 0 UT 
OUT OUT IN ur 
OUT 
| 89 | our 
OUT 
| 9 | UN U 















Oo 
oO 
Cc 
+ 
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Cc 
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Cc 
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oa 
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O 
Cc 
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e) 
Cc 
- 
0 
Cc 
4 


ee 
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0 
Cc 
4 
O 
Cc 
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T IN IN 


oO 
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omeh | od 
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— 
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ak jf ek 
oO 
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ary are poe eae 

oR Ke) 
DID/DIO/®Dla/O/aD/oOlolo 
=fojo}—{o}/a-|/-|-|alolololololo 
=—/—;/=|-|/o;/ololo/—|—-|-|-|ojolo 
—l=|olol—|—lojol/—|—|cj/oj/—|-J/o 
=—|O0/—lol—-|ol—|o}—|o|/—!|o/-lo 





— 
[o> 
oO 
Oo 
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Note OUT indicates output port, and IN indicates input port 


Table 4 Mode 1 control words 











Control words Group A Group B 
D7 De Ds Ds D3 D2 Di Do Port A Port B 
decimal PCz> C4 

A 
A 
A6 

A7 

10 1 01 1 0 X ae OUT 
AD 

AE 

AF 

B4 

B5 

Bo 

B7 
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U 
O 
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ar 
> 
O 
xz 
Q 

O 
@ 
a 
ty 

Zz 
=| 
aD 
o 

O 
Cc 
4 


v 
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Note 5 Mode of group A and group B can be programmed independently. 
6° It ts not necessary for both group A and group B to be in mode 1 
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Table 5 Mode 2 control words 












































































STB, OUT 
[71x x x 0 0 1 | Gt | Bidigctional |OBF, | ACK, | IBF, | STBa |INTRA| IN ‘| OUT | 
OUT [iN _| 
[7 1x x x 0 1 1 | ©3 | Sidiggtions’ | OBF, [ACK | IBF, | STBa INTRA; IN| IN 
STB, ACKs | OBFe 

iol ee STés | 16Fe | INTRe| IN | 





Table 6 Port C bit set/reset contro! words 


Control words 















Uv 
o 
= 
oO 










ee Oe ee ae es ee (a eae ee ee eee 
PRE Be AE (a i (Sma | (| 
an TE ee ee ee ae Se eee 
Lc A OO Oe ea ae og ee 
p oO xXxXxoToOO | mf | | | | fo | |} Inte: set/reset tor mode 1 input 
a OO fe as 
ea ee a a ee a Fe (ee ee | 
FSO eS i a (ee ee ee ee eee 
p oO xXx x1ooo | el] | | [ot | | | J Inte set/reset tor mode 1 input 
po xXx xtoot | oo | | | |i | | | | Inte: set/reset tor mode 2 
Ee Te ee ae ea eet 
ISS TS 7 Ve CE ea (| ee ree 
Pp oOXxXxX11oeo |o | |o} | | | | | J Inte, set/reset for mode 1 output 
ee 9 oe a os a oe Se eee 
Reese eee ee ae ee ee ee ee eee 
EGE a Oi ea, aS (| (a | a eee 





Note 7: The terminais of port C should be programmed for the output mode, before the bit set/reset operation is executed. 
8 - Also used for controlling the interrupt enabie flag(INTE). 
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ABSOLUTE MAXIMUM RATINGS 


v 
Vi 
oO 


ae ea 
PME. 2 | Input voltage With respect to Vss 
MAX “H” All output and [/O pins output /Port | —4 
Output current “H” level and force same current —500 


MAX “L” All output and I/O pins output 4 
lotmax ey my 
Output current L” level and force same current 2 2.5 
qosuie socom saiaias eet aaan te RAC TST 
























Parameter 
ee eee 


| Max _| 
Supply voltage 











[Wigh-ovelinputvokage —~SC~“‘“*S*S*~*‘~dCSCSC‘“‘“‘“<CSCS dn 

[Low-level input votage —SSSSCSCSC~“~idSSS 
2. 4 
4,4 





lon =—400uA 
Output high voltage (Note10) on 24 
lon = —20uA 








Output low voltage (Note10) lol =2. 5mA 


t mod 
Supply current trom Vee ae nae _— 
Input leak current Vi=0V, Voc eat 
| loz | Off-state output current Vo=0V~Vec i 


Input terminal capacitance f=1MHz 


Input/output terminal capacitance Unmeasured pins=0V 


Note 9 : Current flowing into an IC is positive, out is negative. 
10: Output current must be less than +4mA for each Port pin 
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TIMING REQUIREMENTS (Ta=—20~75C, Voc=5V+10%, Vss=O0V, unless otherwise noted) 


- 
Symbol Parameter Test conditions 


twiw) Write pulse width 
tsu(pa-w) Data setup time before write 




















Read/write cycle time 


GO) | W —_ 

| © N 

O|;o oO 
4 
< 
xe) 


eed 
no 
oO 








N 
oO 
oO 


tocrw) 


Propagation time from read to data output 
Propagation time from read to data floating (Note11) 


t 2 
PHLCW-PE) | Propagation time from write to output 


teLH(W-PE) 


Propagation time from strobe to IBF flag 
Propagation time from strobe to interrupt 
Propagation time from read to interrupt 
C_=150pF 
Propagation time from read to IBF flag 
Propagation time from write to interrupt 


Propagation time from write to OBF flag 
Propagation time from acknowledge to OBF flag 


Propagation time from acknowledge to interrupt 
Propagation time from acknowledge to data output 
Propagation time from acknowledge td data floating (Note11) 


Note 11: Test conditions are not applied. 
12: A.C Testing waveform 
Input pulse level 0. 45~2. 4V 2.4 








Input pulse rise time 10ns ; 8 0 2 
Input pulse fall time 10ns 0. 45 : 8 
Reference level input Vin=2V, Vi. =0. 8V 
output Von=2V, Vo_=0. 8V 
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TIMING DIAGRAM 


Data Bus Read Operation 


Do~ D7 


Data Bus Write Operation 


Do~ D7 


Mode 0 Port Input 


PORT INPUT 


Mode 0, 1 Port Output 


PORT OUTPUT 


twir) 


y, 


X lS 
K« xX » 


lis 


twiw) 
tsu(a-w) thcw-a) 


tsu(pa-w) th(w-pa) 






tsu(pE-R) thr-pe) 





twiw) 


teHL(w-Pe) 
tpLH(W-PE) 
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Mode 1 Strobed Input 






tw(stB) 
IBF 
RD 





teLH(sTB-INTR) 


th(stB-PE) 
tsu(PE-sTB) 


sae: a 
SS f// 





Mode 1 Strobed Output 


twiw) 





ACK 
tpLH(ACK-INTR) 
INTR 
tpHL(w-PE) 
tpLH(w-PE) 
PORT OUTPUT ( 
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Mode 2 Bidirectional 







tpHL(w-oBF) 


O 
w 
nT 


teLH(ACK-OBF) 
- = 


ey 
7. 


GD 


tw(sTB) 


teLH(sTB-IBF) 


IBF 
teHL(R-IBF) 
RD 


teinie-ere) tevz(ack-PE) 


De Oe ace ell 
PORT A lh, y\\ //} | y\\ 
x y<«K b> 


et 
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Von—lon CHARACTERISTICS (DATA BUS) 


Von(DATA BUS) (V) 


Voun—lon CHARACTERISTICS (PORT) 


Von(PORT) (V) 





lon(DATA BUS) (mA) 





lon(PORT) (mA) 
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Vot—lo. CHARACTERISTICS (DATA BUS) 


Vot(DATA BUS) (Vv) 





lo.(DATA BUS) (mA) 


Vot—lor CHARACTERISTICS (PORT) 


Voc™=4. 5V 


Voc™=5bV 
Voco=5. 5V 


Vo_(PORT) (Vv) 





lo. (PORT) (mA) 
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DESCRIPTION 

The MSM82C59AP-2 is a programmable LSI for interrupt 
control. It is fabricated using silicon-gate CMOS tech- 
nology. 

It is housed in a 28-pin plastic molded DIP. 

And preparatory for surface equipment M5M82C59AFP-2 
(SOP) and M5M82C59AV-2 (PLCC). 


FEATURES 

@ Single 5V supply voltage 

TTL compatible 

Pin connection compatible with the M5L8259AP 

CALL instruction to the CPU is generated automatically 
Priority, interrupt mask and vectored address for each 
interrupt request input are programmable 

Up to 64 levels of interrupt requests can be controlled 
by cascading with M5M82C59AP-2 

@ Polling functions 


APPLICATION 
The M5M82C59AP-2 can be used as an interrupt controller 


for MELPS85, MELPS86 and MELPS88 


FUNCTION 

The M5M82C59AP-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer systems. It 
manages eight level requests and has built-in features for 
expandability to other M5M82C59AP-2’s. The priority and in- 
terrupt mask can be changed or reconfigured at any time 
by the main program. 

When an interrupt is generated because of an interrupt re- 
quest at 1 of the pins, the M5M82C59AP-2 based on the 
mask and priority will output an INT to the CPU. After that, 
when an INTA signal is received from the CPU or the sys- 
tem controller, a CALL instruction and a programmed vec- 
tor address is released onto the data bus. 








PIN CONFIGURATION (TOP VIEW) 


CHIP SELECT — 
INPUT CS—|_1| 


ADDRESS INPUT 


——— INTERRUPT 
+— INTA ACKNOWLEDGE 
INPUT 


INTERRUPT 
REQUEST 
INPUTS 


BIDIRECTIONAL 
DATA BUS 


o-djAV6SOZ8INSIN 
10 
o-dV6GOZ8NSWN 


INTERRUPT 
REQUEST 
OUTPUT mor 
=~ —~ SLAVE PR 
16] +> SP/EN INPUT/ENABLE 
FFER OUTPUT 
++ CAS, CASCADE 
LINE 


CASCADE 
LINES 


28P4 (M5M82C59AP-2) 
28P2W (M5M82C59AFP-2) 


MSM82C59AJ-2 


18) 
ui 





MITSUBISHI 3 
ELECTRIC 


MITSUBISHI LSis 


MSM82CS9AP-2/FP-2/J-2 


CMOS PROGRAMMABLE INTERRUPT CONTROLLER 


BLOCK DIAGRAM 


INTERRUPT oe D7 | 
ACKOWLEDGE INPUT __ INTA (26) Ds 


CONTROL LOGIC e 
INTERRUPT 5 
REQUEST OUTPUT DATA BUS Da 


BIDIRECTIONAL DATA BUS 


kee Doe el cae 
(2) 
i 8 ae 
INTERRUPT | 3 | INSERVICE 
é WR WRITE CONTROL INPUT 
REQUES PRIORITY REGISTER READ/WRITE 








INTERRUPT REGISTER 
REQUEST INPUTS ’ RESOLVER (sR) CONTROL RD READ CONTROL INPUT 
Ap ADDRESS INPUT 
CS CHIP SELECT INPUT 
CAS, 


CASCADE 


Voo(Sv) 8) \ CASCADE LINES 
INTERRUPT MASK REGISTER (IMR) BUFFER/ CAS, 


Vss(0V) ; 
ss (14) CAS, 





SP/EN 


SLAVE PROGRAM INPUT/ENABLE 
BUFFER OUTPUT 
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PIN DESCRIPTION 


Chip select input 
PWR | wre cont input 
| RD Read control input 


Input/ 
Dy~Do Bidirectional data bus ee 
output 


CAS2.~ Input/ 
Cascade lin 

SP/EN Slave program input/ Input/ 

Enable buffer output output 


Interrupt request output 








Input or 
output 











Functional significance 


This input is active at low-level, but may be at high-level during interrupt request input and interrupt processing. 
Command write control input from the CPU 
Data read control input for the CPU 


Data and commands are transmitted through this bidirectional data bus to and from the CPU 


These pins are outputs for a master and inputs for a slave. And these pins of the master will be able to 
address each individual slave. The master will enable the corresponding slave to release the device routine 
address during bytes 2 and 3 of INTA. 









SP: In normal mode, a master is designated when SP/EN=“ H” and a slave is designated when SP/EN=“L”. 
EN: In the buffered mode, whenever the MSM82C59AP-2’s data bus output is enabled, its SP/EN pin will go low-level, 










This pin goes high-level whenever a valid interrupt is asserted. 





The asynchronous interrupt inputs are active at high-level. The interrupt mask and priority of each interrupt 
input can be changed at any time. When using edge triggered mode, the rising edge (low-level to high- 
level) of the interrupt request and the high-level must be held until the first INTA. For level triggered mode, 
the high-level must be held until the first INTA 


When an interrupt acknowledge (INTA) from the CPU 1s received, the MSM82C59AP-2 releases a CALL in- 
struction or vectored address onto the data bus. 


This pin is normally connected to one of the address lines and acts in conjunction with the CS, WR and RD 
when writing commands or reading status registers. 





OPERATION Table 1 M5M82C59AP-2 basic operation 


The MSM82C59AP-2 is interfaced with a standard system — 
[he] Bes [RO[WA]CS] trout operation ras) 


bus as shown in Fig. 1 and operates as an interrupt con- 

troller. L L | IRR, ISR or interrupting leveldata bus 
L L | IMR-Data bus 

X 

X 









Output operation (write) 


Data bus--OCW2 

Data bus-OCW3 

Data bus~!ICW1 

Data bus-OCW1, ICW2, ICW3, ICW4 


Disable function 


Data bus-*>High-impedance 


ADDRESS BUS 










CONTROL BUS 






[cece 
[cee 
es| Fee =) 
es| eee el 
arf [rere 


Data bus—High-impedance 


Dy~Do RD WR _ INT 


CASCADE 
M5M82C59AP -2 


IR7 IRe IRs IR, IR3 IReo {Ry 


———— eee 
SLAVE PROGRAM INTERRUPT REQUEST INPUTS 
INPUT/ ENABLE 

BUFFER OUTPUT 





Fig. 1 The M5M82C59AP-2 interfaces to standard 
system bus. 
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Interrupt Sequence 
1. When the CPU is a MELPS85 


(1) 


(2) 


When one or more of the interrupt request inputs 
are raised high, the corresponding IRR bit(s) for the 
high-level inputs will be set. 

Mask state and priority levels are considered and, if 
appropriate, the M5M82C59AP-2 sends an INT sig- 
nal to the CPU. 

The acknowledgement of the CPU to the INT signal, 
the CPU issues an INTA pulse to the MSM82C59AP- 
2. 

Upon receiving the first INTA pulse from the CPU, a 
CALL instruction is released onto the data bus. 

A CALL is a 3-byte instruction, so additional two 
INTA pulses are issued to the M5M82C59AP-2 from 
the CPU. 

These two INTA pulses allow the MSM82C59AP-2 to 
release the program address onto the data bus. The 
low-order 8 bits vectored address is released at the 
second INTA pulse and the high-order 8 bits vec- 
tored address is released at the third INTA pulse. 
The ISR bit corresponding to the interrupt request 
input is set upon receiving the third INTA pulse from 
the CPU, and the corresponding IRR bit is reset. 
This completes the 3-byte CALL instruction and the 
interrupt routine will be serviced. The ISR bit is re- 
set at the trailing edge of the third INTA pulse in the 
AEOI mode. In the other modes the ISR bit is not 
reset until an EO! command is issued. 











IR 
IRR SET 


INTA 


1 2 
IRR RESET 

ISR RESET 

ISR SET 


2. When the CPU is a MELPS86 or MELPS88 


(1) 


(2) 


When one or more of the interrupt request inputs 
are raised high, the corresponding IRR bit(s) for the 
high-level inputs will be set. 

Mask state and priority levels are considered and if 
appropriated, the M5M82C59AP-2 sends an INT sig- 
nal to the CPU. 

As an acknowledgement to the INT signal, the CPU 
issues an INTA pulse to the M5M82C59AP-2. 

Upon receiving the first INTA pulse from the CPU, 
the M5M82C59AP-2 does not drive the data bus, 
and the data bus keeps high-impedance state. 
When the second INTA pulse is issued from the 
CPU, an 8-bit pointer is released onto the data bus. 
This completes the interrupt cycle and the interrupt 
routine will be serviced. The ISR bit is reset at the 
trailing edge of the second INTA pulse in the AEOI 
mode. In the other modes the ISR bit is not reset 
until an EOI command is issued from the CPU. 











(AEOI MODE) 





“eee CC 
IRR SET 
INTA I 2 
ae IRR RES 


ET 
ISR SET ISR RESET (AEOI MODE) 


The interrupt request input must be held at high-level until 
the first INTA pulse is issued. If it is allowed to return to 
low-level before the first INTA pulse is issued, an interrupt 
request in IR7 is executed However, in this case the ISR 
bit is not set. 

This is a function for a noise countermeasure of interrupt 
request inputs. In the interrupt routine of IR7, if ISR is 
checked by software either the interrupt by noise or real in- 
terrupt can be acknowledged. In the state of edge trigger 
mode normally the interrupt request inputs hold high-level 
and its input low-level pulse in the case of interrupt. 








Interrupt sequence outputs 

1. When the CPU is a MELPS85 
A CALL instruction is released onto the data bus when 
the first INTA pulse is issued. The low-order 8 bits of the 
vectored address are released when the second INTA 
pulse is issued, and the high-order 8 bits are released 
when the third INTA pulse is issued. The format of these 
three outputs is shown in Table 2. 








Table 2 Formats of interrupt CALL instruction and vec- 
tored address 
First INTA pulse (CALL instruction) 


D7 Dg Ds D, D3 D2 D; Do 
Pe SiaieeOh cle SOs Ss Me tye de aie 2 fe Ne ee 


Second INTA pulse (low-order 8 bits of vectored address) 


Interval= 4 
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Third INTA pulse (high-order 8 bits of vectored address) 
D7 De Ds D4 D3 Deo D; Do 


2. When the CPU is a MELPS86 or MELPS88 

The data bus keeps a high-impedance state when the 
first INTA pulse is issued. Then the pointer T7~Tpo is re- 
leased when the next INTA pulse is issued. The content 
of the pointer T7~To is shown in Table 3. The T2~To are 
a binary code corresponding to the interrupt request 
level, Aio ~ As are unused and ADI mode contro! is 
ignored. 





Table 3 Contents of interrupt pointer 
Second INTA pulse (8-bit pointer) 








Interrupt Request Register (IRR), In-service Register 
(ISR) 

As interrupt requests are received at inputs IR7~1Ro, the 
corresponding bits of IRR are set and as an interrupt re- 
quest is serviced the corresponding bit of ISR is set. The 
IRR is used to store all the interrupt levels which are re- 
questing service, and the ISR is used to store all the inter- 
rupt levels which are being serviced. The status of these 
two registers can be read. These two registers are con- 
nected through the priority resolver. 

An interrupt requst received by IRn is acknowledged on the 
leading edge when in the edge triggered mode or it is ack- 
‘nowledged on the level when in the level triggered mode. 
After that an INT signal is released and the interrupt re- 


quest signal is latched in the corresponding IRR bit if the 
high-level is held until the first INTA pulse is issued. It is 
important to remember that the interrupt request signal 
must be held at high-level until the first INTA pulse is 
issued. 

The interrupt request latching in the IRR causes a signal to 
be sent to the priority resolver unless it is masked out. 
When the priority resolver receives the signals it selects 
the highest priority interrupt request latched in IRR. The 
ISR is set when the last INTA pulse is issued while the cor- 
responding bit of IRR is reset and the other bits of IRR are 
unaffected. 

The bit of ISR that was set is not reset during the interrupt 
routine, but is reset at the end of the routine by the EOI 
command (end of interrupt) or by the trailing edge of the 
last INTA pulse in AEOI mode. 

Priority Resolver 

The priority resolver examines all of the interrupt requests 
set in IRR to determine and selects the highest priority. The 
ISR bit corresponding to the selected (highest priority) re- 
quest is set by the last INTA pulse. 

Interrupt Mask Register (IMR) 

The contents of the interrupt mask register are used to 
mask out (disable) interrupt requests of selected interrupt 
request pins. Each terminal is independently masked so 
that masking a high priority interrupt does not influence the 
lower or higher priority interrupts. Therefore the contents of 
IMR selectively enable reading. 

Interrupt Request Output (INT) 

The interrupt request output connects directly to the inter- 
rupt input of the CPU. The output level is compatible with 
the input level required for the CPUs. 

The INT output is set to low-level after the interrupt sequ- 
ence ends, irrespective of the current mode. When the 
power is turned on, the INT output (high-level output) may 
appear but is reset to low-level by executing ICW1. 
Interrupt Acknowledge Input (INTA) 

The CALL instruction and vectored address are released 
onto the data bus by the INTA pulse. 

Data Bus Buffer 

The data bus buffer is a 3-state bidirectional data bus buf- 
fer that is used to interface with the system bus. Write com- 
mands to the M5M82C59AP-2, CALL instructions, vectored 
addresses, status information, etc. are transferred through 
the data bus buffer. 

Read/Write Control Logic 

The read/write contro! logic is used to control functions 
such as receiving commands from the CPU and supplying 
status information to the data bus. _ 

Chip Select Input (CS) 

The M5M82C59AP-2 is selected (enabled) when CS is at 
low-level, but during interrupt request input or interrupt pro- 
cessing it may be high-level. 
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Write Control Input (WR) 

When WR goes to low-level the M5M82C59AP-2 can be 
written. 

Read Control Input (RD) 

When RD goes low-level status information in the internal 
register of the M5M82C59AP-2 can be read through the 
data bus. 

Address Input (Ao) 

The address input is normally connected with one of the 
address lines and is used along with WR and RD to control 
write commands and reading status information. 

Cascade Buffer/Comparator 

The cascade buffer/comparator stores or compares identi- 
fication codes. The three cascade lines are output when 
the M5M82C59AP-2 is a master or input when it is a slave. 
The identification code on the cascade lines select it as 
master or slave. 

PROGRAMMING THE M5M82C59AP-2 

The M5M82C59AP-2 is programmed through the Initializa- 
tion Command Word (ICW) and the Operation Command 
Word (OCW). The following explains the functions of these 
two commands. 

Initialization Command Words (ICWs) 

The initialization command word is used for the initial set- 
ting of the M5M82C59AP-2. There are four commands in 
this group and the following explains the details of these 
four commands. The command flow of I|CWs is shown Fig. 
Z 

iCw1 

The meaning of the bits of ICW1 is explained in Fig. 3 


along with the functions. ICW1 contains vectored address 

bits A7~As, a flag indicating whether interrupt input is edge 

triggered or level triggered, CALL address _ interval, 

whether a single MOM82C59AP-2 or the cascade mode is 

used, and whether ICW4 is required or not. 

Whenever a command is issued with Ap=0 and D,=1, this 

is interpreted as ICW1 and the following will automatically 

occur. 

(a) The interrupt mask register (IMR) is cleared. 

(b) The interrupt request input IR7 is assigned the lowest 
priority. 

(¢) The special mask mode is cleared and the status read 
is set to the interrupt request register (IRR). 

(d) When IC4=0 all bits in ICW4 are set to 0. 

ICw2 

ICW2 contains vectored address bits Ais ~~ Ag or interrupt 

type T7~T3, and the format is shown in Fig. 3. 

ICW3 

When SNGL = 1 it indicates that only a_ single 

M5M82C59AP-2 is used in the system, in which case ICW3 

is not valid. When SNGL=0, ICW3 is valid and indicates 

cascade connections with other M5M82C59AP-2 devices. In 

the master mode, a 1 is set for each slave. 

When the CPU is a MELPS85 the CALL instruction is re- 

leased from the master at the first INTA pulse and the vec- 

tored address is released onto the data bus from the slave 

at the second and third INTA pulses. 

When the CPU is a MELPS86 the master and slave are in 

high-impedance at the first INTA pulse and the pointer is 





Ao D7 De Ds D, D3 D2 D, Do 
om [7 [oe ornare [eo am [oe TD 


YES(SNGL= 1 ) 


or) A 


NO(ICd= 0 ) 


FULLY NESTED MODE 
READY TO ACCEPT INTERRUPT 


Fig. 2 Initialization sequence 
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VECTOR ADDRESS LOW-ORDER BITS 


(Ar~As) (Note 1) 


1 LEVEL TRIGGERED MODE 
0: EDGE TRIGGERED MODE 


1 CALL ADDRESS INTERVAL 1S 4 
0 CALL ADDRESS INTERVAL IS8 | (Note 1) 


1; SINGLE 
0 CASCADE MODE 


1 ICW4 NEEDED 
0} ICW4 NOT NEEDED 


Note 1: MELPS85 ONLY 


Ao D7 De Ds D, D3 D2 D; Do 


ICW1- 










VECTOR ADDRESS HIGH-ORDER BITS 
(Ais~Ag)OR INTERRUPT TYPE (T7~Ts) 








To through T2 are binary encoded 
outputs corresponding to the 
Ao Dy De Ds Da D3 Dz D, Do 


IRo through 1R7 





1 IRn INPUT HAS A SLAVE 
0 IRn INPUT DOES NOT HAVE A SLAVE 









SLAVE IDENTIFICATION CODE 
oT Ta[s}«Ts[s[7 
fofofofoliiifiln 
fofotififofofi tr 
et fer fof for 


Ppt ese ts ts te Ps |e Ps [ss 
Ao D7 De Ds D, D3 D2 D, Do 


ICW3 (MASTER DEVICE) 









ptt oe Po ie LO 
Ao D7 De Ds Da D3 D2 D, Do 


ICW3 (SLAVE DEVICE) 


1 SPECIAL FULLY NESTED MODE 
0 NOT SPECIAL FULLY NESTED MODE 






| Q | Xx | NON BUFFERED MODE 
| 1 | 0 | BUFFERED MODE/SLAVE 


| 1 | 1 | BUFFERED MODE/MASTER 
,_SC 





1) AEO! MODE 

0 NORMAL EO! MODE 
1 MELPS86, 88 MODE 
0 MELPS85 MODE 


ptt of | oJ sem] eur | ws | acon | PM | 
Ao D7 De Ds D, D3 D2 D; Do 
ICW4 


Fig. 3 Initialization command word format 
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released onto the data bus from the slave at the second 
INTA pulse. 

The master mode is specified when SP/EN pin is high- 
level or BUF=1 and M/S=1 in ICW4, and slave mode is 
specified when SP/EN pin ts low-level or BUF=1 and M/S 
=0 in ICW4. In the slave mode, 3-bit 1D2~1!Do identify the 
slave. And then when the slave code released on the cas- 
cade lines from the master, matches the assigned ID code, 
the vectored address is released by it onto the data bus at 
the next INTA pulse 

ICWw4 

Only when IC4=1 in ICW1 is ICW4 valid. Otherwise all bits 
are set to 0. When ICW4 is valid it specifies special fully 


NON-SPECIFIC EOI 


nested mode, buffer mode master/slave, automatic EOI and 
microprocessor mode. The format of ICW4 is shown in Fig. 
3: 

Operation Command Words (OCWs) 

The operation command words are used to change the 
contents of IMR, the priority of interrupt request inputs and 
the special mask. After the I|CW are programmed into the 
M5M82C59AP-2, the device is ready to accept interrupt re- 
quests. There are three types of OCWs.; explanation of 
each follows, and the format of OCWsg is shown in Fig 4 
ocwi 

The meaning of the bits of OCW] are explained in Fig. 4 
along with their functions. Each bit of IMR can be indepen- 


1; INTERRUPT MASK SET 
0 INTERRUPT MASK RESET 


SPECIFIC EO! (RESETS ISR BITS L2~Ly) jo 


ROTATE ON NON-SPECIFIC EO! 
/1|0 | 0} SETS AUTOMATIC ROTATION FLIP-FLOP 


AUTOMATIC ROTATION 


| 0. | 0 | 0] RESET AUTOMATIC ROTATION FLIP-FLOP 


Laas ROTATE ON SPECIFIC EOI (RESETS ISR BIT Lo~Lo) 
i Ne oil SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT L>~Lo) 


10 | 1]0] No OPERATION 
a wa 


| SPECIFIC ROTATION 


ID LEVEL TO BE ACTED UPON 


Pott fa [sas let 7| 


Cores pelea pe 
Ao D7 De Ds Da D3 Do D; Do 


OCW2 


Lea NO OPERATION 

auc RESET SPECIAL MASK MODE 

| 1 | 1 | SETS SPECIAL MASK MODE 
os 


1 POLL COMMAND 
0 NO POLL COMMAND 


| 0 | Xx | NO OPERATION 
| 1 | 0 ]SETS STATUS READ REGISTER IN IRR 


SETS STATUS READ REGISTER IN ISR 


Co] o Jeswn] sul > [1 fr pan las, 
Ao D7 De Ds D4 D3 D2 D; Do 


OCW3 


Fig. 4 Operation command word format 
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dently changed (set or reset) by OCW1. 

OCW2 

The OCW2 is used for issuing EOI commands to the 
M5M82C59AP-2 and for changing the priority of the inter- 
rupt request inputs. 

OCW3 

The OCWS3 is used for specifying special mask mode, poll 
mode and status register read. 


FUNCTION OF COMMAND 

Interrupt masks 

The mask register contains a mask for each individual in- 
terrupt request. These interrupt masks can be changed by 
programming using OCW1. 

Special mask mode 

When an interrupt request is acknowledged and the ISR bit 
corresponding to the interrupt request is not reset by EOI 
command (which means an interrupt service routine is 
executing) lower priority interrupt requests are ignored. 

In special mask mode interrupt requests received at inter- 
rupt request inputs which are masked by OCW1 are dis- 
abled, but interrupts at all levels that are not masked are 
possible. This means that in the mask mode all level of in- 
‘terrupts are possible or individual inputs can be selectively 
programmed so all interrupts at the selected inputs are dis- 
abled. The masks are stored in IMR and special mask is 
set/reset by executing OCW3. 

Buffered mode 

The buffered mode will structure the M5M82C59AP-2 to 
send an enable signal on SP/EN to enable the data bus 
buffer, when the data bus requires the data bus buffer or 
when cascading mode is used. In this mode, when data bus 
output of the M5M82C59AP-2 is enabled, the SP/EN output 
becomes low-level. This allows the M5M82C59AP-2 to be 
programmed whether it is a master or a slave by software. 
The buffered mode is set/reset by executing ICW4. 

Fully nested mode 

The fully nested mode is the mode when no mode is speci- 
fied and is the usual operational mode. In this mode, the 
priority of interrupt request terminals is fixed from the 
lowest IR7 to the highest IRo. When an interrupt request is 
acknowledged the CALL instruction and vectored address 
are released onto the data bus. At the same time the ISR 
bit corresponding to the accepted interrupt request is set. 
This ISR bit remains set until it is reset by the input of an 
EOI command or until the trailing edge of last INTA pulse in 
AEOI mode. While an interrupt service routine is being ex- 
ecuted, interrupt requests of same or lower priority are dis- 
abled while the bit of ISR remains set. The priorities can be 
changed by OCW2. 

Special fully nested mode 

The special fully nested mode will be used when cascad- 
ing is used and this mode will be programmed to the mas- 
ter by ICW4. The special fully nested mode is the same as 





the fully nested mode with the following two exceptions. 

1. When an interrupt from a certain slave is being ser- 
viced, this slave is not locked out from the master prior- 
ity logic. Higher priority interrupts within the slave will 
be recognized by the master and the master will initiate 
an interrupt request to the CPU. In general in the normal 
fully nested mode, a serviced slave is locked out from 
the master’s priority, and so higher priority interrupts 
from the same slave are not serviced. 

2. When an interrupt from a certain slave is being serviced 
the software must check ISR to determine if there are 
additional interrupts requests to be serviced. If the ISR 
bit is 0 the EOI command may be sent to the master too. 
But if it is not 0 the EOI] command should not be sent to 
the master. 

Poll mode 

The poll mode is useful when the internal enable flip-flop of 

the microprocessor is reset, and interrupt input is disabled. 

Service to the device is achieved by a programmer initia- 

tive using a poll command. In the poll mode _ the 

M5M82CS59AP-2 at the next RD pulse puts 8-bit on the data 

bus which indicates whether there is an interrupt request 

and reads the priority level. The format of the information 
on the data bus is as shown below. 












1 there ts an interrupt request 


B de of 
0 there Is no interrupt request Baty eee e: Clie Manes! Buonly 


level requesting services 
So 


ptt - ft - fT - | - | wi w | wm | 
D7 De Ds Da D3 D2 D, Do 













When !1=0 (no interrupt request), W2~Wo is 111. The poll is 
valid from WR to RD and interrupt is frozen. This mode can 
be used for processing common service routines for inter- 
rupts: from more than one line and does not require any 
INTA sequence. Poll command is issued by setting P=1 in 
OCW3. 

End Of Interrupt (EOI) and Specific EOI (SEO) 

An EOI command is required by the M5M82C59AP-2 to re- 
set the ISR bit. So an EO! command must be issued to the 
M5M82C59AP-2 before returning from an interrupt service 
routine. : 

When AEOI ts selected in ICW4, the ISR bit can be reset at 
the trailing edge of the last INTA pulse. When AEOI is not 
selected the ISR bit is reset by the EOI command issued to 
the M5M82C59AP-2 before returning from an interrupt ser- 
vice routine. When programmed in the cascade mode the 
EOI command must be issued to the master once and to 
corresponding slave once. 

There are two forms of EO! command, specific EOI and 
non-specific EOI. When the MOM82C59AP-2 is used in the 
fully nested mode, the ISR bit being serviced is reset by 
the EOI command. When the non-specific EOI is issued the 
M5M82C59AP-2 will automatically reset the highest ISR bit 
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of those that are set. Other ISR bits are reset by a specific 
EOI and the bit to be reset is specified in the EOI by the 
program. The SEO! is useful in modes other than fully 
nested mode. When the M5M82C59AP-2 is in special mask 
mode ISR bits masked in IMR are not reset by EOI. EOI 
and SEOI are selected when OCW2 is executed. 
Automatic EOI! (AEOI) 

In the AEOI mode the M5M82C59AP-2 executes non- 
specific EOI command automatically at the trailing edge of 
the last INTA pulse. When AEOI = 1 in ICW4, the 
M5M82C59AP-2 is put in AEOI mode continuously until re- 
programmed in ICW4. 

Automatic rotation 

The automatic rotation mode is used in applications where 
many interrupt requests of the same level are expected 
such as multichannel communication systems In this mode 
when an interrupt request is serviced, that request is 
assigned the lowest priority so that if there are other inter- 
rupt requests they will have higher priorities. This means 
that the next request on the interrupt request being ser- 
viced must wait until the other interrupt requests are ser- 
viced (worst case is waiting for all 7 of the other controllers 
to be serviced). The priority and serving status are rotated 
as shown in Fig. 5. 





BEFORE ROTATION (IR3. THE HIGHEST PRIORITY 


REQUIRING SERVICE) 













IS7 ISgp Ss ISs IS3  ISo IS;  ISo 


cao i Cc 


/ 


, 


LOWEST PRIORITY HIGHEST PRIORITY 


PARSE Ea Eee ES 


AFTER ROTATION 
(IR3 WAS SERVICED AND ALL OTHER 
PRIORITIES ROTATED CORRESPONDINGLY) 


PRIORITY 
STATUS 











IS; IS5 1S, s(IS4 1S3 IS 1S; ISo 


ee SUarUs [ie] OO) | 


HIGHEST PRIORITY LOWEST PRIORITY 


ESEARR ES EAE ES Es 


Fig. 5 An example of priority rotation 







PRIORITY 
STATUS 


In the non-specific EO! command automatic rotation mode 
is selected when R=1, EOI=1, SL=0 in OCW2. The inter- 
nal priority status is changed by EOI or AEOI commands. 
The rotation priority A flip-flop is set by R=1, EOI=0 and 
SL=0 which is useful when the M5M82C59AP-2 is used in 
the AEOI mode. 


Specific rotation 

Specific rotation gives the user versatile capabilities in in- 
terrupt controlled operations. It serves in those applications 
in which a specific device’s interrupt priority must be 
altered. As opposed to automatic rotation which automati- 
cally sets priorities, specific rotation is completely user 
controlled. That is, the user selects the interrupt level that 
is to receive lowest or highest priority. Priority changes can 
be executed during an EOI command. 

Level triggered mode/Edge triggered mode 

Selection of level or edge triggered’ mode of the 
M5M82C59AP-2 is made by ICW1, When using edge trig- 
gered mode not only is a transition from low-level to high- 
level required, but the high-level must be held until the first 
INTA. If the high-level is not held until the first INTA, the in- 
terrupt request will be treated as if it were input on IR;, ex- 
cept that the ISR bit is not set. When level triggered mode 
is used the functions are the same as edge triggered mode 
except that the transition from low-level to high-level is not 
required to trigger the interrupt request. 

In the level triggered mode and using AEOI mode together, 
if the high-level is held too long the interrupt will occur im- 
mediately. To avoid this situation interrupts should be kept 
disabled until the end of the service routine or until the IR 
input returns low-level. In the edge triggered mode this 
type of mistake is not possible because the interrupt re- 
quest is edge triggered. 

Reading the M5M82C59AP-2 internal status 

The contents of IRR and ISR can be read by the CPU with 
status read. When an OCWS is issued to the M5M82C59AP- 
2 and an RD pulse issued the contents of IRR or ISR can 
be released onto the data bus. A special command is not 
required to read the contents of IMR. The contents of IMR 
can be released onto the data bus by issuing an RD pulse 
when Ao=1. There is no need to issue a read register com- 
mand every time the IRR or ISR is to be read. Once a read 
register command is received by the MSM82CS9AP-2, it re- 
mains valid until it is changed. Remember that the prog- 
rammer must issue a poll command every time to check 
whether there is an interrupt request and read the priority 
level. Polling overrides status read when P=1, RR=1 in 
Oocws. 








CASCADING 

The M5M82C59AP-2 can be interconnected in a system of 
one master with up to 8 slaves to handle up to 64 priority 
levels. A system of 3 units that can be used with the 


_ MELPS85 is shown in Fig. 6. 


The master can select a slave by outputting its identifica- 
tion code through the 3 cascade lines. The INT output of 
each slave is connected to the master interrupt request in- 
puts. When an interrupt request of one of the slaves is to 
be serviced the master outputs the identification code of 
the slave through the cascade lines, so the slave will re- 
lease the vectored address on the next INTA pulse. 
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The cascade lines of the master are nomally low-level, and 
will contain the slave identification code from the leading 
edge of the first INTA pulse to the trailing edge of the last 
INTA pulse. The master and slave can be programmed to 
work in different modes. |CWs must be issued for each de- 
vice, and EOI commands must be issued twice: once for 
the master and once for the corresponding slave. Each cs 
of the MOM82C59AP-2 requires an address decoder. 





\ 
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ADDRESS BUS 


CONTROL BUS 
DATA BUS 


INT 


CASo ASo 
M5M82C59AP-2 M5M82C59AP-2 CAS MSM82C59AP-2 


MASTER SLAVE SLAVE 
CAS2 


IR; IRelRelRalRslReIR IRo SP/EN  IR7IR¢lRsIR4lRg IRe IRi!Ro 


76543210 GND PB oe At Se 2) 20 


INTERRUPT REQUEST INPUTS 





Fig. 6 Cascading the M5M82C59AP-2 


DEN 


DATA BUS 


Do~ Dz ADDRESS BUS 


(Note 3 ) ADo~ AD, 
iis lea: INTR 


OE 
TO BUS BUFFER 


c-dV6SOC8WSW 


INTERRUPT 
REQUEST 
INPUTS 


Note 3 : Do~D, of the M5M82C59AP-2 are direct connected with ADp~AD; of the MELPS86 





Fig. 7 Example of interface with the MELPS86 
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INSTRUCTION SET 


D3 D2 D, Do | |CW4 required Intervel 








0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 


—$"$O-0-—"O—"$ Oo |$ Oo" 0 =| Oo $$ OO 
CO0O$=]==]==C0O0O—-=—== 
<<<<<<<<ZZZ2ZZZZ2Z 
CMOOMOMORARAKAWOODOOOAADAA 
ZZ2<<22<<22<<2Z22<< 
mCmemememeome meee 








17 Icw2 Ais Ai4 Ai3 Ai2 Ail Ao Ag Ag 8-bit vectored address 
18 iCW3 M a - = = : S2 Si So Slave connections Se mode) 
19 ICW3 S$ 1 ID2 ID, IDo Slave identification code (slave mode) 

















A 1 0 0 0 0 0 0 0 0 N N 
B 1 0 0 0 0 0 0 0 1 ‘ N , ¥ 
Cc 1 0 0 0 0 0 0 1 0 N N Y N 
D 1 0 0 QO 0 0 0 1 1 N N Y Y 
E 1 0 0 0 0 0 1 0 0 N N N N 
F 1 0 0 0 0 0 1 0 1 N N N Y 
G 1 0 0 0 0 0 1 ] 0 N N ¥ N 
H 1 0 0 0 0 0 1 ] ] N N Y Y 
1 1 0 0 0 0 1 0 0 0 N Y Ss N N 
J 1 0 0 0 0 1 0 0 1 N ae N Y 
K 1 0 0 0 0 1 0 1 0 N Y §S Y N 
L 1 0 0 0 0 1 0 1 1 N Y Ss ¥ ¥ 
M 1 0 0 0 0 1 1 0 0 N Y M N N 
N 1 0 0 0 0 1 1 0 1 N Y M N Y 
Oo 1 0 0 0 0 1 1 1 0 N Y M Y N 
P 1 0 0 0 0 1 1 1 1 N Y M y. Y 
NA 1 0 0 0 1 0 0 0 0 ¥. N N N 
NB 1 0 0 0 1 0 0 0 i ¥. N N Y 
NC 1 0 0 0 1 0 0 1 0 Y N y. N 
ND 1 0 0 0 1 0 0 1 1 Y N Y Y 
NE 1 0 0 0 1 0 1 0 0 ¥ N N N 
NF 1 0 0 0 ] 0 | 0 ] Y N N Y 
NG 1 0 0 0 1 0 1 1 0 Y N Y N 
NH ] 0 0 0 1 0 1 ] 1 x N Y Y 
NI 1 0 0 0 ] 1 0 0 0 Y Y S$ N N 
NJ 1 0 0 0 1 1 0 0 1 Y Y S$ N Y 
NK ] 0 0 0 1 1 0 1 0 Y ¥- -S Y N 
NL ] 0 0 0 1 ] 0 1 ] Y Y Ss Y Y 
NM 1 0 0 0 1 1 ] 0 0 Y Y M N N 
NN 1 0 0 0 1 1 1 0 1 Y Y M N Y 
NO 1 0 0 0 1 1 1 1 0 Y Y M Y N 
NP 1 0 0 0 1 1 1 1 1 Y Y M Y Y 

1 My Me Ms Ma M3 Me My, Mo Interrupt mask 

0 0 0 1 0 0 0 0 0 EOI 

0 0 ] 1 0 0 Lo Ly Lo SEOI 

0 1 0 1 0 0 0 0 0 Rotate on Non-Specific EO! command (Automatic rotation) 

0 1 1 1 0 0 Lo Ly Lo Rotate on Specific EOI command (Specific rotation) 

0 1 0 0 0 0 0 0 0 Rotate in AEOI Mode (SET) 

0 0 0 0 0 0 0 0 0 . Rotate in AEOI Mode (CLEAR) 

0 1 1 0 0 0 Lo ~- Ly Lo Set priority without EO! 

0 0 0 0 0 1 1 0 0 Poll Mode 

0 0 0 0 6) 1 0 1 1 Sets Status Read Register in ISR 

0 0 0 0 0 1 0 ] 0 Sets Status Read Register in IRR 

0 0 1 1 0 1 0 0 0 Sets Special Mask Mode 

0 0 ] 0 0 1 0 0 0 Reset Special Mask Mode 


Note 4° Y: yes, N: no, E. edge, L. level, M: master, S: slave 
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ABSOLUTE MAXIMUM RATINGS 


; 


MAX “H” All output and 1/O pins output 
loHMAX om —-500 uA 
Output current H” level and force same current 
MAX “L.” All output and I/O pins output 
lotmax srw 
Output current L” level and force same current 
Operating free-air temperature range 
Storage temperature range 


Parameter 


Voc Supply voltage 4.5 
Vss Supply voltage (GND) 














Limits 


Typ 


c 
= 
- 


lox= —400uA 
High-level output voltage 
lon 2 —20u A 


lox= —400uA - 
High-level output voltage, interrupt request output lon =—100uA : 


VoHUINT) 
lon =—20uUA . 
Low-level output voltage lol =2. 2mMA 
loc 
fie 


a) 
(o>) 


| 
7) 
Ww 





z 
> 


Bi WwW] Pp Nh 
hi ol] + 





4 


ol 





ice | Standby supntycurenttom Vig ——~SS*dWR OM Veg utputopen 
Fim [Rlatevelinptourent ide 
Pin [owiovetinputourent Cid 
| loz | Off-state output current 


Input/output capacitance Vec=Vss, f=1MHz, 25mVrms, Tg=25°C 


can) 


is 
> 


es 
>| > 


LA 
pF 






po y,—/—o 

O|o;o 
ES 
> 


ne) 
mT 
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TIMING REQUIREMENTS (Ta=—20~75C . Vec=5V+10%, Vss=OV, unless otherwise noted) 


Symbol Parameter 


Address hold time after write 

Data setup time before write 160 (100) 

Data hold time after write 

E 
(RW) 


End of INTA sequence to next INTA sequence. 






Limits 
Test conditions Unit 


Typ 









190 (120) 





=] 
a 




















4 


SWITCHING CHARACTERISTICS (ta=—20~75°C , Vec=5V+10%, Vss=OV, unless otherwise noted) 


Parameter 


Data output enable time after read 
Data output disable time after read 






Limits 






Test coditions Unit 


4 


y ax 


ne) 


tezv(R-Da) ns 
















tevz(R-DaQ) 


ok 
CO} NR = 
















Data output enable time after address C.=100pF, 200 (170) 
Propagation time from read to enable signal output Where SP/EN 100 







150 


Propagation time from interrupt request input to interrupt request output 


Note 5 : M5M82C59AP-2 is also invested with the extended specification showed in the brackets 
6 : INTA signal is considered read signal 
CS signal is considered address signal 


Propagation time from read to disable signal output Pin is 15 pF 










Ww 
fe?) 
o) 


W 
(om) 


NO 
© 
oO 





Input pulse level 0. 45~2. 4V 2.4 
input pulse rise time 10ns 2 2 
Input pulse fall time 10ns 0.8 0.8 
Reference level Input Vin==2V, Vi. =0. 8V 0. 45 


Output Von=2V, Vo_=0. 8V 
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TIMING DIAGRAM 
Write Mode 


CS, Ao (| 


D7z~Do 


Read Mode 


a 
0 


z 
4 
> 


D7~Do 





teLH(R-EN) 
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Interrupt Sequence 


wn —--- 


tpLH(iR-INT) 


INT (Note 7) (Note 8) 


(Note7) 


INTA (Note 8) 


iy pe My \\ (Note 8) MM \ Hf \_ (Note 8) 
NV 7 ee 7 WS 


tsu(CAS-INTA) 


teLv(INTA-CAS) 









CAS2~CASo (Note 8) 


Other Timing 


trec(w) 


Zz 
4 
> 


trec(r) 


tdcrw) 


aI 
Oo 


INTA 


Note 7 : MELPS86, 88 mode 
8 : MELPS85 mode 
9 : MELPS86, 88 mode is in high-impedance state, pointer is released during the next INTA. 
When in single MELPS85 mode, data is released by all INTAs When master, CALL in- 
struction is released during the first INTA, high impedance state during the second and 
third INTA When slave, high impedance state during the first INTA, vectored address 
is released during the second and third INTA 
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DESCRIPTION 
The M5M82C255ASP is a LSI equivalent to two PIN CONFIGURATION (TOP VIEW) 
M5M82C55AP-2. It is housed in a single 64-pin shrink DIP. a 
; ‘ ; say + FAos 
The M5M82C255ASP_ is fabricated using silicon-gate Ss] ++ PAge | 1/0 PORTS Ag 
CMOS technology for a single supply voltage. This LSI is a I/O PORTS Ao > PA 
ian 107 " READ/WRITE 
simple input and output interface for TTL circuits, having 48 —R/W GONTROL 
input/output pins which correspond to six 8-bit input/output PAoo 60] «~ RESET RESET INPUT 
CHIP SELECT 
ports. INPUT CSo— [6 
PORT 
ADDRESS 
FEATURES INPUTS 


@ Single SV supply voltage DATA BUS 
@ Input : TTL compatible (lo, =2.5mA) 
Output : CMOS/TTL compatible 
@ Each !I/O pin has +4mA driving capability UO PORTS Sa 


@ Read access time : 120ns = 
@ Timing specification enable easy design of system bus = 
timing | a 
@ Noise limiter is built-in to provide high noise margin on 1/0 PORTS Bo 
(RESET, ACK, STB) S 
@ 48 programmable I/O pins 5 + PBs, 
@ Direct bit set/reset capability (/O PORTS Ay p 
@ 64-pin shrink DIL package (lead pitch 0.07 inch) is. Veo (5V) 
used for easy mounting +> PB,, 
APPLLICATION CHIP INPUT. 
Input/output ports for microprocessor (Ov) 1/0 PORTS B; 
FUNCTION 
A Block diagram of the M5M82C255ASP is shown in the I/O PORTS C, + PBio 
following page. The M5M82C255ASP consists of block 0 + PC; | 
and block 1 each of which is functionally equivalent to the “PCei oe 
M5M82C55AP-2. Block 0 and block 1 have independent 
chip select inputs CS, and CS,, and independent ports PAo, Outline 64P4B 





PBo, PCo, PA;, PB; and PC,. The 8-bit data bus, address in- 
puts Ag and A;, and the RESET input are shared by block 0 
and block 1. The CPU’s RD signal and WR signal must be 
multiplexed to generate the R/W signal. 

The 48 I/O pins consist of two blocks each with two 12-bit 
sub blocks A and B. All four blocks can be programmed in- 
dependently by three mode control commands from the 
CPU. 

In mode 0, four 8-bit 1/O ports and four 4-bit I/O ports are 
available for use as output ports. In mode 1, the 24 I/O pins 
of each block are divided into groups A and B. In each 
group, 8 bits are used for input or output data ports. And 4 
bits are used for control data ports. In mode 2, 8 bits of 
group A are used as a bidirectional bus with a 5-bit control 
Signal. 

Any of the 8 data bits at port C of each block can set or re- 
set. When reset input (RESET) is high, all ports are set to 
the input mode (high-impedance state). 
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CHIP SELECT Go 
inPuT S06) 


READ/WRITE 
CONTROL R/ 
INPUT 


PORT 
ADDRESSINIUTS 


RESET 
INPUT 


CHIP SELECT << 
INPUT ©: 


DATA BUS 


Ao 


RESET 


(5V) Vec 43) 
(OV) Vs5 26) 


“ger 


























GROUP A 


CONTROL 


GROUP B 


CONTROL 


BLOCK 0 


GROUP A 
CONTROL 


8 


GROUP B 


CONTROL 


BLOCK 1 


8-BIT INTERNA 
8 DATA BU 
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GROUP A 


PORT Ao 
(8 BITS) 


PORT Co 
(LOW ORDER 


GROUP B 


(8 BITS) 





GROUP A 
PORT A, 
(8 BITS) 


GROUP B 
PORT B, 
(8 BITS) 

























10) PCo¢ 


4 BITS) (2) PCoa 
: GROUP B —1— 1x9 Po 
4 f° 


1) Pee 
(4) PCo; 
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1/0 
PORTS Apo 


1/O 
PORTS Co 


1/0 
PORTS Bo 


1/0 
PORTS A, 


I/O 
PORTS C, 


1/0 
PORTS B, 
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FUNCTIONAL DESCRIPTION Table 1 Basic Operations : 
Block 0 has the same function as block 1. Therefore, block 
0 is explained in the following. 
seh aaa o 
Read function operates when the R/W is high-level, and 

data input at the port is transferred to the CPU. Write func- 
tion operates when the R/W is low-level, and data or con- 
trol from the CPU are written. 
Ao, A; (Port address) Input 

These input signals are used to select one of the three 
ports: port A, port B, and port C, or the control register. 
They are normally connected to the least significant two 


bits of the address bus. 
RESET (Reset) Input 
At high-level, the control register is cleared. Then all ports 
are set to the input mode (high-impedance state). 
CSpy, CS, (Chip-Select) Input 

At ieee ie eet aie between M5M82C255ASP 
and the CPU is enabled. When CS, is low-level block 0 is 
selected, and when Cs, is low-level, block 1 is selected. 
When CS, and CS, are both high-level, the data bus main- 
tains high impedance state and control from the CPU is 
ignored. In modes 0 or 1, the previous data is stored. . 
Read/Write Control Logic 

The function of this block is to control transfers of both data 
and control words. It accepts the address signals (Ao, Ai, 
CSo, CS;), I/O control signals (R/W) and RESET signal, 
and then issues commands to both of the control groups. 
Data Bus Buffer 

This three-state, bidirectional, 8-bit buffer is used to transfer 
the data when an input or output instruction is executed by 
the CPU. Control words and status information are also 
transferred through the data bus buffer. 

Group A and Group B Control 

Accepting commands from the read/write control logic, the 
control blocks (Group A, Group B) receive 8 bit control 
words from the internal data bus and issue the proper com- 
mands for the associated ports. Control group A is associ- 
ated with port A and the 4 high-order bits of port C. Control 
group B is associated with port B and the 4 low-order bits 
of port C. The control register, which stores control words, 
can only be written into. 

Port A, Port B and Port C 

MSM82C255ASP contains six 8-bit ports whose modes and 
input/output settings are programmed by the system soft- 
ware. 

Port A has an output latch/buffer and an input latch/buf- 
fer. Port B has an input-output latch/buffer. Port C has an 
output latch/buffer and an input buffer. Port C can be di- 
vided into two 4-bit ports which can be used as ports fo 
control signals for port A and port B. 
The basic operations are shown in Table 1. 
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Fig. 1 Connecting the M5L8085AP and MS5SM82C255ASP 


AD;~ADo 


CPU SIGNALS 


CSp, CS, 


MSM82C255ASP _ 
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R/W SIGNAL DURING 
CPU WRITE 





Fig. 2 Timing Diagram 
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CPU INTERFACE 
Fig. 1 shows an application with the M5L8085AP as the 


CPU. In this figure, the M5M82C255ASP is mapped in the 
1/O space, but it could also be mapped in the memory 
space. The following description applies to the circuit in the 
Fig. 1. Characteristics are shown in Figs. 2, 3 and 4. 


Chip select signal _ 

The M5M82C255ASP chip select signal (CS , CS,) is the 
logical product of the 1O* RD (lO* WR) signal derived 
from the read (write) signal and IO/M signal from the CPU, 
and the address decoder output generated by decoding 
the address. Therefore, the timing of chip select signal 
(CS, CS;) is delayed from that of IO» RD (IO > WR) sig- 
nal. The chip select signals CSp and CS, must not be ac- 
tive simultaneously. 





Read operation _ 

The read operation of M5M82C255ASP starts when RD - 
CS = 1, just as with the M5M82C55AP-2. When the 
M5L8085AP CPU enters into I/O read operation, the M5M- 
82C255ASP R/W signal, obtained by inverting the |O > WR 
signal, is kept at high-level. The actual read operation 
starts when the chip select signal is activated by the IO- 
RD signal and address decoder output. The access time of 
the M5M82C255ASP is specified by the falling edge of the 
chip select signal, and is defined as tpzy (cs.pq). Fig. 3 
shows the read timing. The delay time (marked by *) ex- 
tends from the time when the RD signal of CPU becomes 
active until the chip select signal becomes active. It is 
obtained by adding the delay time of LS02 and LS51 in Fig. 
1. Table 2 shows the gate delay time of LSO2, LS51, LS04 
and LSOO used in the circuit of Fig. 1. The sum of the gate 
delay times of LSO2 and LS51 is 35ns, after which the 
actual read operation starts. The access time of the 
M5M82C255ASP is 120ns maximum, so the total access 
time is 155ns maximum. As the access time of the 
MSM82C255ASP is specified by the falling edge of the 


MS5M82C255ASP 
R/W 


CPU RD 


M5M82C255ASP 


CSpo or CS; thics-ai) 


Ao, Ay 


Fig. 3 Read operation of the M5M82C255ASP 


Table 2 Gate delay time 








chip select signal, care must be taken when connecting the 
M5M82C255ASP to a high-speed microprocessor. 

The address setup time and hold time of the M5M82C- 
55AP-2 read signal are defined as tsu(a-r) and thrr-a) Dut, in 
the M5M82C255ASP, they are defined as tsy(a;-cs) and th 
(cs-a1) due to above reason, where Aj means address inpus 
of Ap or A;. The time is specified to be Ons minimum for 
each. 


Note The term “address” used in describing the address setup time 
and address hold time of MSM82C55AP-2 means the address inputs Ao, 
A; and CS 


Write operation 

Fig. 4 shows the write timing. The phase relationship of the 
R/W and chip select signals is marked by an%. For the 
M5M82C55AP-2, the phase relationship is defined as the 
address setup time tsy(a-w) (or taw) before WR, and is spe- 
cified to be Ons minimum. In the M5M82C255ASP, however, 
the phase relationship is reversed by the circuit which 
generates the control signal (See Fig. 1), when the chip 
select signal becomes active after the R/W signal goes 
low-level. Therefore, we have discarded the previous de- 
finition. The phase difference of write signal and chip 
select signal is defined as tsy(cs-.w) and specified as Ons 
maximum and — 30ns minimum. The phase difference of 
the write signal and address inputs of Ap and A, is defined 
as tsu(ai-w) and the minimum value is —30Ons. 

This means that the address inputs of Ag and A; and the 
chip select signal must become stable within 30ns after the 
R/W signal goes low-level. The signals Ap and A, can be- 
come stable before R/W goes low-level, but the chip 
select signal must be activated after the R/W signal goes 
low-level. This is required because, if the chip select signal 
is active before R/W signal, the R/W signal will be high- 
level, causing the M5M82C255ASP to enter the read op- 
eration. The address inputs of Ap and A, will write properly 
as long as the minimum value is —30Ons. 


M5M82C255ASP 
R/W 









M5M82C255ASP 
CSo or Cs, 







Ao: A; 





thiw-a) 
Fig. 4 Write operation of the M5M82C255ASP 


tsu(ai-w) 


Refer to the Bipolar Digital |Cs Section of. 
Mitsubishi Semiconductor Handbook 
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Now we will explain the phase relationship between the 
chip select signal and the time marked by in Fig. 4, the 
rising edge of R/W signal. In the M5M82C55AP-2, the 
address hold time after write is defined as thcw-a) (or twa) 
and the specified minimum is Ons. In the M5M82C255ASP, 
however, the chip select signal is kept active after the rise 
of the R/W signal, so under these condition, the 
M5M82C255ASP enters into read operation. This would 
cause a bus collision or misoperation of the control signal 
output at port C in mode 1 or mode 2. Therefore, in the 
M5M82C255ASP, a built-in circuit prohibits the start of read 
operation after the rise of R/W signal from low-level to 
high-level, even if the chip select signal is held active. The 
previous definition of thiw-a) is replaced by thcw-cs), which 
is specified as Ons minimum and 50ns maximum For 
address inputs Ag and Aj, th(w-a.) is newly defined and spe- 
cified as Ons minimum. This means that Aj and A, can be 
used freely to select any device after the R/W signal rises 
again to high-level. The data setup time tsy(pg-w) (or tow) 
for the rise of R/W and data hold time thw.pq) (or two) for 
the fall of R/W signal in write operation of the 
M5M82C255ASP_ are defined identically as in the 
M5M82C55AP-2. 


Note - The term “address” in the address setup time and address hold 
time of the MS5M82C5SAP-2 means the address inputs Ap A; and 
CS. 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Input voltage 
MAX “H” All output and I/O pins output [Pot === | —4— [soma i 
Output current “H” level and force same current. 
ieee MAX “L.” All output and 1/O pins output -Pot =| 4 |omal 
Output current “L” level and force same current. 


Operating temperature range ee 
=e5~150 














With respect to Vss 

















RECOMMENDED OPERATING CONDITIONS (Ta = —20~75°, unless otherwise noted) 


Supply voitage 
Supply voltage (GND) 





ELECTRICAL CHARACTERISTICS (Ta = —20~75, Vcc = 5V+10%, Vss = OV, unless otherwise noted) 


Limits 
Typ 


lon=—400UA 2.4 
High-level output voltage (Note 2) }- pv 


Vin 

Vit 

V 

en lon=—20uA 4.4 

VoL 

loc 

Te 

Cj 















Input leak current Vi=OV, Voc P| 
Vo=0V~Vec 


=1MHz, 25mVrms, Ta=25°C 
OV except test pins 















| Vor | Low-level output voltage (Note 2) | lo. ==2.5mA oe 
All Input Mode 
Supply current : UA 
RESET=OV, Other Pins=Vcc 


Off-state output current 





Pech. Input capacitance 
I/O capacitance 


Note 1: Current flowing into an IC is positive (no sign). 
2: The maximum value of the output current should be held within +4mA at each port pin. 
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TIMING REQUIREMENTS (Ta = —20~75C, Voc =5V+10%, Vss = OV, unless otherwise noted) 


Address setup time before read 


Limits 
Typ 










— | — 
Oi1NM fe)) 
o;}oO oO 


| 
w 
o 


Read/write cycle time 







oO 


1) Oo Ww 
O}1oO oO 


— 
o 
oO 





NO 
© 
io) 


SWITCHING CHARACTERISTICS (Ta = —20~75C. Vcc = 5V410%, Vss = OV, unless otherwise noted) 


Propagation time from read to data output 
Propagation time from read to data floating (Note 3) 
were) Propagation time from write to output 
Propagation time from strobe to interrupt 
= C.=1 50pF 











Propagation time from strobe to IBF flag 
Propagation time from read to interrupt 
Propagation time from read to IBF flag 
Propagation time from write to interrupt 


Propagation time from write to OBF flag 
Propagation time from acknowledge to OBF flag 


teLH(ACK-INTR)| Propagation time from acknowledge to interrupt 

















tezv(Ack-PE) Propagation time from acknowledge to output 


Propagation time from acknowledge to output floating (Note 3) 


Note 3: The above test conditigns are not applied 





4: Input pulse level 0.45~2.4V = Reference level Input Vin=2V, Vi.=0. 8V 2.4 
Input pulse rise time  10ns Output Vox=2V, VoL=0. 8V 2 2 
Input pulse fall time 10ns 0.8 
a 0.45 a 
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TIMING DIAGRAM 
Data Bus Read Timing 





R/W 


CSp or CS, 


Ao, A; 


Do~D; 


Data Bus Write Timing 


R/W 


Ao, A; 


CSp or CS, 


Do~D; 


Mode 0 Port Input 


CS or CS;="L” 
and R/W=“H" 
PORT INPUT 


Mode 0, 1 Port Output 


CSp or CS,="L” 
and R/W=“L” 


PORT OUTPUT 


twics) 


tpvzics-pa) 


> Se 


Z 


twir/w) 


thcw-ai) 


thiw-cs) 


tsu(pe-w) thiw-pa) 


i 


Tl 
sia 













tsu(Pe-cs) thics-pe) 


teHL(w-Pe) 


tepLH(w-PE) 
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Mode 1 Storbe Input 







twists) 
IBF 
C85 or CS,="L" 
and R/W=“H”" 
tpLH(STB-INTR) 
INTR 
tsu(PE-sTB) th(stB-PE) 


| ee cee 


Mode 1 Storbe Output 


twir/w) 


CS or CS,;="L” 
and R/W=“H” 









. teHL(w-OBF) teLH(ACK-OBF) 








ACK 
teLH(ACK-INTR) 
INTR 
teHL(Ww-PE) 
teLH(w-PE) 
PORT OUTPUT ( 
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Mode 2 Bidirectional 


CS or Ccs\= | aes 
and R/W=“L” 






tpHu(w-oBr) 





OBF 


INTR 


ACK 
twist) 
he L 3 
teLH(sTB-IBF) i 


: if 
CSp or CS,="“L” = 
and R/W=“H” 


(i) 





PORTA 
Note 5 : INTR=IBF-MASK:STB-CSo or CS; +OBF: MASK: ACK+R/W 
tc(csw) 
R/W 
tc(csw) to(csw) tc(csw) 
CSp or CS, 
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DESCRIPTION 

The M5L8155P is a 2K-bit RAM (256-word by 8-bit) fabri- 
cated by the N-channel silicon-gate ED-MOS technology. 
This LSI has 3 !/O ports and a 14-bit counter/timer which 
make it a good extention of the functions of an 8-bit micro- 
computer. It is packaged in a 40-pin plastic DIL package 
and operates with a single 5V power supply. 


FEATURES 

Single 5V supply voltage 

TTL compatible 

Static RAM: 256-word by 8-bit 
Programmable 8-bit I/O port: 2 
Programmable 6-bit I/O port: 1 
Programmable counter/timer: 14-bit 
Multiplexed address/data bus 


APPLICATION 
Extension of I/O ports and timer function for MELPS 85 and 
MELPS 8-48 devices 


FUNCTION 

The M5L8155P is composed of RAM, I/O ports and counter/ 
timer. The RAM is a 2K-bit static RAM organized as 256 
words by 8 bits. The !/O ports consist of 2 programmable 8- 
bit ports and 1 programmable 6-bit port. The terminals of the 
6-bit port can be programmed as control terminals for the 8- 
bit ports, so that the 8-bit ports can be operated in a hand- 
shake mode. The counter/timer is composed of 14-bit down 
counter (events or time) and it can generate square wave 
pulses that can be used for counting and timing. 


(5V) Voc 4 
(0V)Vss 20 
| 


BIDIRECTIONAL 
ADDRESS/DATA BUS 


BLOCK DIAGRAM 


RESET INPUT RESET Oa 
IO/MEMORY SELECT INPUT 10/M Oma 
CHIP ENABLE INPUTCE (8)—+< 


READ INPUT RD Cae 
WRITE INPUT WR —< 
ALE (11) 


READ/ 
WRITE 


ADDRESS LATCH 
ENABLE INPUT 


TIMER IN 


PIN CONFIGURATION (TOP VIEW) 


| PC3 LL 
I/O PORTS C 
PC, 1] 2 | 
TIMER INPUT TIMER IN—*}3)| 
RESET INPUT RESET —1[ 4] 


(0 PORT C PCs +>L9. 


TIMER OUTPUT TIMER OUT *—L6, 
\O/MEMORY Gace 

seLect input 'O/M 

CHIP ENABLE INPUT CE —*L8| 


READ INPUT RD —([9| 


WRITE INPUT WR —{L0] 


ADDRESS LATCH 7 
ENABLE INPUT ALE 


BIDIRECTIONAL 
ADDRESS/DATA BUS 





STATIC RAM 


(256-WORDX8-BIT) 


8—BIT INTERNAL 
DATA BUS 


14—BIT COUNTER/TIMER 


Vec(5V) 


| /O 
| PORTS C 


/O 
PORTS B 


dSslsisw 


/O 
PORTS A 


Outline 40P4 


1/0 
PORTS A 


1/0 
PORTS B 


ae, PC, 
1) PC3 
39) PC2 


1/0 
PORTS C 


os (6) SS 


TIMER OUT 


TIMER INPUT TIMER OUTPUT 
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OPERATION 
Data Bus Buffer 


This 3-state bidirectional 8-bit buffer is used to transfer the 


data while input or output instructions are being executed by 
the CPU. Command and address information is also transfer- 
red through the data bus buffer. 

Read/Write Control Logic 

The read/write control logic controls the transfer of data and 
commands by interpreting the signals (CE, RD, WR, 1O/M, 
ALE and RESET) from CPU. 

Bidirectional Address/Data Bus (ADyp~AD7,) 

The bidirectional address/data bus is a 3-state 8-bit bus. 
The 8-bit address is latched in the internal latch by the fall- 
ing edge of ALE. Then if |O/M input signal is at high-level, 
the address of I/O port, counter/timer, or command register 
is selected. If it is at low-level, address of RAM is selected. 
The 8-bit data is transferred by read input (RD) or write in- 
put (WR). 

Chip Enable Input (CE) 

When CE is at low-level, the address information on 
address/data bus is stored in the M5L8155P. 

Read Input (RD) 

When RD is at low-level, the data bus buffer is active. If 1O/ 
M input signal is at low-level, the contents of RAM are read 
through the address/data bus. If 10/M input is at high-level, 
the contents of selected I/O port or counter/timer are read 
through the address/data bus. 

Write Input (WR) 

When WR is at low-level, the data on the address/data bus 
are written into RAM if 1O/M is at low-level, or they are writ- 
ten into I/O port, counter/timer or command register if 1O/M 
is at high-level. 

Address Latch Enable Input (ALE) 

An address on the address/data bus is latched in the 
M5L8155P on the falling edge of ALE along with the levels of 
CE and IO/M. 

10/Memory Input (I0/M) 

When IO/M is at low-level, the RAM is selected, while at 
high-level the I/O port, counter/timer or command register 
are selected. 

VO Port A (PAp~PA;) 

Port A is an 8-bit general-purpose |/O port. Input/output set- 
ting is controlled by the system software. 

/O Port B (PByp~PB-,) 

Port B is an 8-bit general-purpose I/O port. Input/output set- 
ting is controlled by the system software. 

VO Port C (PCy~PC;) 

Port C is a 6-bit I/O port that can also be used to output 
control signals of port A (PA) or port B (PB). The functions 
of port C are controlled by the system software. When port C 
is used to output control signals of ports A or B, the assign- 
ment of the signals to the pins is as shown in Table 1. 


Table 1 Pin assignment of control signals of port C 


B STB (port B strobe) 
B BF (port B buffer full) 
(port B interrupt) 
(port A strobe) 
(port A buffer full) 
(port A interrupt) 







Timer Input (TIMER IN) 

The signal on this input terminal is used by the counter/timer 
for counting events or time. (3MHz max.) 

Timer Output (TIMER OUT) 

A square wave signal or pulse from the counter/timer is out- 
put through this pin when in the operation mode. 

Command Register (8 bits) 

The command register is an 8-bit latched register. The low- 
order 4 bits (bits 0~3) are used for controlling and deter- 
mination of mode of the ports. Bits 4 and 5 are used as inter- 
rupt enable flags for ports A and B when port C is used as a 
control port. Bits 6 and 7 are used for controlling the coun- 
ter/timer. The contents of the command register are rewrit- 
ten by output instructions (I/O address XXXXX000). 

Details of the functions of the individual bits of the command 
register are shown in Table 2. 


Table 2 Bit functions of the command register 


PA PORT A I/O SET 1: Output port A 
0: Input port A 
fi) ee | PORT B I/O SET 











1: Output port B 
0: Input port B 





5 PC, PORT C SET 00: ALT] 
11. ALT2 

. = 01 ALT3 
2 10° ALT4 


1, Enable interrupt 
0. Disable interrupt 


IEA PORT A INTERRUPT 
ENABLE FLAG 
5 PORT B INTERRUPT 
ENABLE FLAG 


. COUNTER/TIMER CONTROL 








1. Enable interrupt 
0. Disable interrupt 












00: No influence on counter/timer operation 

01: Counter/timer operation discontinued (If not already 
stopped) 

‘ Counter/timer operation discontinued after the current 
counter/timer operation is completed 

: Counter/timer operation started 


— 


1 


fo) 







TM2 


— 
_— 
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Status Register (7-bit) 

The status register is a 7-bit latched register. The low-order 
6 bits (bits 0~5) are used as status flags for the I/O ports. 
Bit 6 is used as a status flag for the counter/timer. The con- 


Table 3. Bit functions of the status register 


Symbol 


tents of the status register are transferred into the CPU by 
reading (INPUT instruction, |1/O address XXXXX000). Details 
of the functions of the individual bits of the status register 
are shown in Table 3. 


PORT B INTERRUPT ENABLE 


This flag is set to 1 when the final 


limit of the counter/timer is 


COUNTER/TIMER INTERRUPT 


reached and ts reset to 0 when the 


status is read 





This bit is not used 


/O PORTS 

Command/status registers (8-bit/7-bit) 

These registers are assigned address XXXXX000. When an 
OUTPUT command is executed, the contents of the com- 
mand register are rewritten. When an INPUT command is 
executed, the contents of the status register are read. 

Port A Register (8-bit) 

Port A Register is assigned address XXXXX001. This register 
can be programmed as an input or output by setting the 
appropriate bits of the command register as shown in Table 
2. 

Port A can be operated in basic or strobe mode and is 
assigned I/O terminal PAg~PA7. 

Port B Register (8-bit) 

Port B register is assigned address XXXXX010. As with Port 


Table 4 Functions of port C 
























PCs Output Output 
Input Output Output 
Input Output Output 
Input Output A STB (port A strobe) 
Input Output A BF (port A buffer full) 
Output A INTR (port A interrupt) 


A register, this register can be programmed as an input or 
output by setting the appropriate bits of the command regis- 
ter as shown in Table 2. Port B can be operated in basic or 
strobe mode and is assigned I/O terminals PBp>~PB7. 

Port C Register (6-bit) 

Port C register is assigned address XXXXX011. This port is 
used not only for input or output but also for controlling in- 
put/output operations of ports A and B by selectively setting 
bits 2 and 3 of the command register as shown in Table 2. 
Details of the functions of the various setting of bits 2 and 3 
are shown in Table 4. Port C is assigned I/O terminals PCo~ 
PCs. When used as port control signals, the 3 low-order bits 
are assigned for port A while the 3 high-order bits are 
assigned for port B. 

















B STB (port B strobe) 
B BF (port B buffer full) 
B INTR (port B interrupt) 
A STB (port A strobe) 

A BF (port A buffer full) 
A INTR (port A interrupt) 
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CONFIGURATION OF PORTS 

A block diagram of 1 bit of ports A and B is shown in Fig. 1. 
While port A or B is programmed as an output port, if the 
port is addressed by an input instruction, the contents of the 
selected port can be read. When a port is put in input mode, 
the output latch is cleared and writing into the output latch is 


MS5L8155P 


INTERNAL 
DATA BUS 


D Q 


Ds 


CLR 
O) 


WR PORT 


Fig. 1 Configuration for 1 bit of port A or B 


\ 


Table 5 Basic functions of I/O ports 


AD bus + Status register 


| Ro | W 
XXXXX000 é 
| evv0 | L 
. 
H 
fod Me a 
ae 
bones 











Function 


AD bus = Port B 
Port B - AD bus 


ae 
am 
oe 
fre 
es 
XXXXX010 
nee 
ce 












ee 


disabled. Therefore when a port is changed to output mode 
from input mode, low-level signals are output through the 
port. When a reset signal is applied, all 3 ports (PA, PB, and 
PC) will be input ports and their output latches are cleared. 
Port C has the same configuration as ports A and B in mod- 
es ALT! and ALT2. 


EXTERNAL PIN 
(eon A OR 
PORT B 


WR PORT=10/M:WR:CE 

(PORT ADDRESS SELECTED) 
. RD PORT=I0/M-RD-CE 

(PORT ADDRESS SELECTED) 
. MULTIPLEX CONTROL 

*1 STROBE INPUT MODE 

*2 INPUT MODE 

*3 OUTPUT MODE 
. MD=1 : OUTPUT MODE 

0 : INPUT MODE 





The basic functions of the I/O ports are shown in Table 5. 
The control signal levels to ports A and B, when port C is 
programmed as a control port, are shown in Table 6. 


COUNTER/TIMER 

The counter/timer is composed of a 14-bit counting register 
and 2 mode flags. The register has two sections: I/O 
address XXXXX100 is assigned to the low-order 8 bits and I/ 
O address XXXXX101 is assigned to the high-order 6 bits 
and timer mode flag 2 bits. The low-order bits 0~13 are 
used for counting or timing. The counter is initialized by the 
program and then counted down to 0. The initial value can 
be ranged from 2;¢ to 3FFFi.s. Bits 14 and 15 are used as 


mode flags. 
The mode flags select 1 of 4 modes with functions as fol- 
lows: 
Mode 0: Outputs high-level signal during the former 


half of the counter operation 
Outputs low-level signal during the latter half 
of the counter operation 
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Table 7 Format of counter/timer Mode 1: Outputs square wave signals as in mode 0 
Mode 2: Outputs a low-level pulse during the final 
Bit Number 
Bit Number | count down 
Address Function 
7/6{5/4[3)2]1]o, Mode 3: Outputs a low-level pulse during each final 
count down 


The low-order 8 bits of th 
ical see Starting and stopping the counter/timer is controlled by bits 
ee MT Timecode 6 and 7 of the command register (see Table 2 for details). 
XXXXX101)|Ma2]M1jT13/T12/T11)T10| Ta] Ts ate The high-order 6 bits ilies format and «mer inieees: ot the ‘coudter/iimer teuister 
of the counter register 


are shown in Table 7 and Table 8. 
Table 8 Timer mode The contents of counter/timer is not affected by a reset, but 


counting is discontinued. To resume counting, a start com- 
Timer operation mand must be written into the command register as shown 


co i @ f Outputs high-level signal during the former half of the counter operation in Table 2. While operating 2n-+1 count down in modes 0 


Outputs low-level signa! during the fatter half of the counter operation 


(modeo) | and 1, a high-level signal is output during the former n+1 


Lol | nee Aen en (mode 1)| Counting and a low-level signal is output during the later n 
counting. 


1 Outputs a low-level pulse during the final count dowm 
(mode 2) RESET 
] 1 


Outputs a low-level pulse during each final count down The M5L8155P is reset by 600ns (min) pulse input on RE- 
: (mode 3) 
SET pin. 
By reset, all 3 ports are set to input mode. And counter/timer 
stops, but contents of counter/timer is not reset. Therefore it 
is necessary to input start command again. 





ABSOLUTE MAXIMUM RATINGS | 


ie 
veo | Swpivonge 
[ve [owmuvotie SSCS 
ea | wasinum ponerdeapaion ————SSCSCS~*~id ee ESSSCSC*~“‘CSCCN#W”SOCSC“‘éCSSO#dYS WW 











Voc 
V; 
Vo 





Voc 
Vss 





ELECTRICAL CHARACTERISTICS (Ta=—20~75, Vec=5V£5%, Vss=OV, unless otherwise noted) 


Symbol Parameter 


Vin High-level input voltage 


Vie Low-level input voltage 


Vou High-level output voltage 


VoL Low-level output voltage 


Input leak current 


Input/output terminal capacitance 
Supply current from Vcc 


Note 5 : Current flowing into an IC is positive, out is negative. 
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TIMING REQUIREMENTS (Tag=—20~75T, Voc=5VE5%, Vss=0V, unless otherwise noted) 


ae 
0 [ 
00 | 
100 | 
ae 
ieee 
! 








Test conditions 














a a Le 
i a 
ee 
es ee 
Le 
es eee 














re a 
i 
ee ae ie tne Oe 
es 


Propagation time from read to data output 
Propagation time from address to data output 
Propagation time from read to data floating (Note 6) 

Propagation time from write to data output 
Propagation time from strobe to BF flag 


















Propagation time from read to BF flag 
CL= 150pF 
Propagation time from strobe to interrupt 


Ss 
a 


Propagation time from write to interrupt 


teLH(¢ -ouT) 


Propagation time from timer input to timer output | 





Note 6 : Test conditions are not applied. 
7 : A.C Testing waveform 





Input pulse level 0. 45~2. 4V 2.4 
Input pulse rise time 20ns 0. 45 0.8 0.8 
input pulse fall time 20ns , 
Reference level input Vin=2V, ViL=0. 8V 
output VoH=2V, Vo_=0. 8V 
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TIMING DIAGRAM 
Basic Output 


PORT ( 
teHL(w—P) 
teLH(w—P) 

WR 
tdi_—Rw) thiw—pa) 


ADo~AD, { ADDRESS x -® DATA 
ALE 
tw.) 


° = 










Basic Input 


4 


PORT 






tdit—rw) 


10/M 


ALE 


i 
d 


twiL) 
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Strobed Output 


PORT 


INTR 


BF 


STB 


Strobed Input 


PORT 


STB 


BF 


INTR 


Timer 


TIMER IN 


TIMER OUT 
PULSE MODE 


TIMER OUT 


SQUARE WAVE MODE 


tpLH(w—P) 
teHL(w—P) 


tepHL(w—INTR) 








teLH(w—BF) 


¢ 


tsu(p—sts) en 


th(stB—p) 


: | 
tpLH(STB—INTR) 


tpLH(sTB—BF) 


(Note 8) 
1 5 4 


tos) 


Lemme (Note 9) 


4 


wee nn ern nn — - — - — — (Note 9) 


Note 8 : The wave form is shown for the case of counting down from 5 to 1 
9 : As long as the M1 mode flag of the timer register is at 
high-level, pulses are continuously output. 


tpLH(sTB—INTR) 


tpHL(sTB—BF) RA 





tepHL(R—BF) 


‘tpHL(R-INTR) A 


3 2 I 2 


r| 
t 
twose) || tween) i 
t 






teHL( ¢ — our) 
tpLH( ¢ —ouT) 





tpHL( ¢ —ouT) 
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DESCRIPTION 
The M5L8156P is a 2K-bit RAM (256-word by 8-bit) fabri- 





PIN CONFIGURATION (TOP VIEW) 


















cated by the N-channel silicon-gate ED-MOS technology. VeceoninS PC3+>[1 Voe(5V) 
This LSI has 3 I/O ports and a 14-bit counter/timer which PC, ++[2| 

make it a good extention of the functions of an 8-bit micro- TIMER INPUT TIMER IN-*[ 3) 38} PC aia 
computer It is packaged in a 40-pin plastic DIL package RESET INPUT RESET —(4| 37+ PCo 











I/O PORT C PCs +5) 


TIMER OUTPUT TIMER OUT +—L6, 
|O/MEMORY 10/M —|7| 


and operates with a single 5V power supply. 


















SELECT INPUT 
Pagel sonia CHIP ENABLE INPUT CE —*/8) 0 
ingle euDP y voltage READ INPUT Ab —19| = '32|++ PB; | PORTS B 

@ TTL compatible WRITE INPUT WR —{10 . 
@ Static RAM. 256-word by 8-bit ADDRESS. LATCH ate —[1]] on 

ENABLE INPUT oO 
@ Programmable 8-bit |/O port: 2 Ss 
@ Programmable 6-bit I/O port: 1 
@ Programmable counter/timer: 14-bit 
@ Multiplexed address/data bus BIDIRECTIONAL | 403 +115 







ADDRESS/DATA BUS | ap, + PB] PAs | 1/0 
APPLICATION <+PA; [PORTS A 


Extension of I/O ports and timer function for MELPS 85 and 
MELPS 8-48 devices 


FUNCTION 

The M5L8156P is composed of RAM, I/O ports and counter/ 
timer. The RAM ts a 2K-bit static RAM organized as 256 
words by 8 bits. The I/O ports consist of 2 programmable 8- 
bit ports and 1 programmable 6-bit port. The terminals of the shake mode. The counter/timer is composed of 14-bit down 
6-bit port can be programmed as control terminals for the 8- counter (events or time) and it can generate square wave 
bit ports, so that the 8-bit ports can be operated in a hand- pulses that can be used for counting and timing. 


Outline 40P4 


BLOCK DIAGRAM 


(5V) Vee 40) 
(OV) Vss @0) 
STATIC RAM i 


aoa Oil 


BIDIRECTIONAL 
ADDRESS/DATA BUS 


8—BIT INTERNAL 
DATA BUS 


1/0 
PORTS B 


RESET INPUT RESET (4) 
1O/MEMORY SELECT INPUT 10/M O— 
CHIP ENABLE INPUT CE Came 
READ INPUT RD ati 
WRITE INPUT WR (i0)—-< 


ADDRESS LATCH aaa 
ENABLE INPUT ey 


6 (2) 
r-[PoRT = PC; | 1/0 


14—BIT COUNTER/TIMER pas 4 
0 


BO ey (3) — (6) Src 
TIMER IN TIMER OUT 
TIMER INPUT TIMER OUTPUT 
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OPERATION 

Data Bus Buffer ! 
This 3-state bidirectional 8-bit buffer is used to transfer the 
data while input or output instructions are being executed by 
the CPU. Command and address information ts also transfer- 
red through the data bus buffer. 

Read/Write Control Logic 

The read/write control logic controls the transfer of data and 
commands by interpreting the signals (CE, RD, WR, IO/M, 
ALE and RESET) from CPU. 

Bidirectional Address/Data Bus (AD,)~AD-,) 

The bidirectional address/data bus is a 3-state 8-bit bus. 
The 8-bit address is latched in the internal latch by the fall- 
ing edge of ALE. Then if 1O/M input signal is at high-level, 
the address of |/O port, counter/timer, or command register 
is selected. If it is at low-level, address of RAM is selected. 
The 8-bit data is transferred by read input (RD) or write in- 
put (WR). 

Chip Enable Input (CE) 

When CE is at high-level, the address information on 
address/data bus is stored in the M5L8156P. 

Read Input (RD) 

When RD is at low-level, the data bus buffer is active. If |O/ 
M input signal is at low-level, the contents of RAM are read 
through the address/data bus. If 1O/M input is at high-level, 
the contents of selected I/O port or counter/timer are read 
through the address/data bus. 

Write Input (WR) 

When WR is at low-level, the data on the address/data bus 
are written into RAM if |O/M is at low-level, or they are writ- 
ten into I/O port, counter/timer or command register if 1O/M 
is at high-level. 

Address Latch Enable Input (ALE) 

An address on the address/data bus is latched in the 
M5L8156P on the falling edge of ALE along with the levels of 
CE and IO/M. 

1O0/Memory Input (IO/M) 

When IO/M is at low-level, the RAM is selected, while at 
high-level the I/O port, counter/timer or command register 
are selected. / 

V/O Port A (PAy>~PA;) 

Port A is an 8-bit general-purpose I/O port. Input/output set- 
ting is controlled by the system software. 

/O Port B (PBy>~PB-) 

Port B is an 8-bit general-purpose I/O port. Input/output set- 
ting is controlled by the system software. 

/O Port C (PC,~PC;) 

Port C is a 6-bit I/O port that can also be used to output 
control signals of port A (PA) or port B (PB). The functions 
of port C are controlled by the system software. When port C 
is used to output control signals of ports A or B, the assign- 
ment of the signals to the pins is as shown in Table 1. 


Table 1 Pin assignment of control signals of port C 


(port B strobe) 
(port B buffer full) 


(port B interrupt) 
(port A strobe) 
(port A buffer full) 
(port A interrupt) 





Timer Input (TIMER IN) 

The signal on this input terminal is used by the counter/timer 
for counting events or time. (3MHz max.) 

Timer Output (TIMER OUT) 

A square wave signal or pulse from the counter/timer is out- 
put through this pin when in the operation mode. 

Command Register (8 bits) 

The command register is an 8-bit latched register. The low- 
order 4 bits (bits 0~3) are used for controlling and deter- 
mination of the mode of the ports. Bits 4 and 5 are used as 
interrupt enable flags for ports A and B when port C is used 
as a control port. Bits 6 and 7 are used for controlling the 
counter/timer. The contents of the command register are re- 
written by output instructions (1/O address XXXXX000). 
Details of the functions of the individual bits of the command 
register are shown in Table 2. 


Table 2 Bit functions of the command register 


po) pa PORT A I/O SET 1: Output port A 


0: Input port A 
PORT B I/O SET 












1, Output port B 
0: input port B 


PORT C SET 


1. Enable interrupt 


0: Disable interrupt 


PORT A INTERRUPT 
ENABLE FLAG 


PORT B INTERRUPT 
ENABLE FLAG 


COUNTER/TIMER CONTROL 


1: Enable interrupt 
0: Disable interrupt 









00. 
01. 





No influence on counter/timer operation 

Counter/timer operation discontinued (If not already 

stopped) 

: Counter/timer operation discontinued after the current 
counter/timer operation is completed 

: Counter/timer operation started 


— 


1 


© 
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Status Register (7-bit) 

The status register is a 7-bit latched register. The low-order 
6 bits (bits 0~5) are used as status flags for the I/O ports. 
Bit 6 is used as a status flag for the counter/timer. The con- 


Table 3 _ Bit functions of the status register 


Function 


PORT A INTERRUPT REQUEST 


tents of the status register are transferred into the CPU by 
reading (INPUT instruction, |/O address XXXXX000). Details 
of the functions of the individual bits of the status register 
are shown in Table 3. 


PORT B INTERRUPT ENABLE 


This flag is set to 1 when the final 
limit of the counter/timer ts 


COUNTER/TIMER INTERRUPT 


reached and is reset to 0 when the 
status is read 





/O PORTS 

Command/status registers (8-bit/7-bit) 

These registers are assigned address XXXXX000. When an 
OUTPUT command is executed, the contents of the com- 
mand register are rewritten. When an INPUT command is 
executed, the contents of the status register are read. 

Port A Register (8-bit) 

Port A Register is assigned address XXXXX001. This register 
can be programmed as an input or output by setting the 
appropriate bits of the command register as shown in Table 
2. 

Port A can be operated in basic or strobe mode and is 
assigned I/O terminal PAp~PAv. 


Table 4 Functions of port C 





Port B Register (8-bit) 

Port B register is assigned address XXXXX010. As with Port 
A register, this register can be programmed as an input or 
output by setting the appropriate bits of the command regis- 
ter as shown in Table 2. Port B can be operated in basic or 
strobe mode and is assigned I/O terminals PBp>~PBv. 

Port C Register (6-bit) 

Port C register is assigned address XXXXX011. This port is 
used not only for input or output but also for controlling in- 
put/output operations of ports A and B by selectively setting 
bits 2 and 3 of the command register as shown in Table 2. 
Details of the functions of the various setting of bits 2 and 3 
are shown in Table 4. Port C is assigned I/O terminals PCo~ 
PCs. When used as port control signals, the 3 low-order bits 
are assigned for port A while the 3 high-order bits are 
assigned for port B. 























Output Output 

Output Output 

Output Output 

Output A STB (port A strobe) 
Output A BF (port A buffer full) 
Output A INTR (port A interrupt) 














B STB (port B strobe) 
B BF (port B buffer full) 
B INTR (port B interrupt) 
A STB (port A strobe) 

A BF (port A buffer full) 
A INTR (port A interrupt) 
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CONFIGURATION OF PORTS 

A block diagram of 1 bit of ports A and B is shown in Fig. 1. 
While port A or B is programmed as an output port, if the 
port is addressed by an input instruction, the contents of the 
selected port can be read. When a port ts put in input mode, 
the output latch is cleared and writing into the output latch is 


Q D 

CLK 

ro STB 
| 


M5L8156P 


INTERNAL 
DATA BUS 


| *1 


WR PORT 


Fig. 1 Configuration for 1 bit of port A or B 


Table 5 Basic functions of I/O ports 


| oH | AD bus + Status register 
XXXXX000 
Command register «- AD bus 
XXXXX001 
XXXXX010 
XXXXX01 1 


Table 6 Port control signal levels at ALTS and ALT4 


Control Signal Output mode Input mode 


STB Input Input 
BF “ss [? “L” 


\ 










=] 







i 








AD bus + Port A 








Port A +- AD bus 


AD bus + Port B 
Port B «AD bus 
AD bus + Port C : 


Port C «+ AD bus 

























disabled. Therefore when a port is changed to output mode 
from input mode, low-level signals are output through the 
port. When a reset signal is applied, all 3 ports (PA, PB, and 
PC) will be input ports and their output latches are cleared. 
Port C has the same configuration as ports A and B in mod- 
es ALT] and ALT2. 


EXTERNAL PIN 


zx (au A OR 


PORT B 


WR PORT=!IO/M: WR: CE 
(PORT ADDRESS SELECTED) 
. RD PORT=10/M-RD-CE 
‘ (PORT ADDRESS SELECTED) 
. MULTIPLEX CONTROL 
*1 STROBE INPUT MODE 
*2 INPUT MODE © 
*3 OUTPUT MODE 
. MD= 1: OUTPUT MODE 
0: INPUT MODE 


The basic functions of the I/O ports are shown in Table 5. 
The control signal levels to ports A and B, when port C is 
programmed as a control port, are shown in Table 6. 


COUNTER/TIMER 
The counter/timer is composed of a 14-bit counting register 
and 2 mode flags. The register has two sections: |/O 
address XXXXX100 is assigned to the low-order 8 bits and |/ 
O address XXXXX101 is assigned to the high-order 6 bits 
and timer mode flag 2 bits. The low-order bits 0~13 are 
used for counting or timing. The counter is initialized by the 
program and then counted down to 0. The initial value can 
be ranged from 2i¢ to 3FFi6. Bits 14 and 15 are used as 
mode flags. 
The mode flags select 1 of 4 modes with functions as fol- 
lows: 
Mode 0: Outputs high-level signal during the former 
half‘of the counter operation 
Outputs low-level signal during the latter half 
of the counter operation 
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Table 7 Format of counter/timer 













Bit Number 


Bit Number 
aM Pes lep fo 


Table 8 Timer mode 







Function 






The low-order 8 bits of the 
counter register 





M2,M1 Timer mode 
The high-order 6 bits 
of the counter register 











Ti3™ Ts. 














Timer operation 






Outputs high-level signal during the former half of the counter operation 
Outputs low-level signal during the latter half of the counter operation 
(mode 0) 


Outputs a low-level pulse during the final count down 
(mode 2) 
1 Outputs a low-level pulse during each final count down 
(mode 3) 


ABSOLUTE MAXIMUM RATINGS 


Tes 

















Output voltage ‘ 
Maximum power dissipation 


Storage temperature range 


Power-supply voltage (GND) 

















Note 5 : Current flowing into an IC is positive, out is negative. 


With respect to Vss 


Ta=25C 





om 
El 


A 
= ance 
SN 0 a 
ON 
SR a 
er [pat trina apacance dW rm Tem | 

an 

ee 


input/output terminal capacitance VioLt=OV, f=1MHz, 25mVrms, Ta=25°C 


Mode 1: Outputs square wave signals as in mode 0 

Mode 2: Outputs a low-level pulse during the final 
count down 

Mode 3: Outputs a low-level pulse during each final 
count down 


Starting and stopping the counter/timer is controlled by bits 
6 and 7 of the command register (see Table 2 for details) . 
The format and timer modes of the counter/timer register 
are shown in Table 7 and Table 8. 

The contents of counter/timer is not affected by a reset, but 
counting is discontinued. To resume counting, a start com- 
mand must be written into the command register as shown 
in Table 2. While operating 2n+1 count down in mode 0 and 
1, a high-level signal is output during the former n+1 count- 
ing and a low-level signal is output during the later n 
counting. 


RESET 

The M5L8156P is reset by 600ns (min) pulse input on RE- 
SET pin. 

By reset, all 3 ports are set to input mode. And counter/timer 
stops, but contents of counter/timer is not reset. Therefore it 
is necessary to input start command again. 
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TIMING REQUIREMENTS (Ta=—20~75C, Voc=5Vt5%, Vss=O0V, unless otherwise noted) 


Symbol Parameter Test conditions 
Typ 


tsu(p-stB)| Port setup time before strobe 


th(ste-p) | Port hold time after strobe 
tw(¢H) Timer input high-level pulse width 


tw Lt) Timer input low-level pulse width 


No 
s 


Ww 
Oo 


to( ¢) Timer input cycle time 


0 
8 


tris) Timer input rise time 


Ww 
© 


tf. ¢) Timer input fall time 













Parameter 


Propagation time from read to data output 
Propagation time from address to data output 
Propagation time from read to data floating (Note 6) 


Propagation time from write to data output 


tezv(R-Da) 














tezv(a-Da) 







tevz(R-Da) 












teHL(w-P) 


Propagation time from strobe to BF flag 
) 













Propagation time from read to BF flag 


Propagation time from strobe to interrupt 





Propagation time from read to interrupt 


Note 6 : Test conditions are not applied. 


Propagation time from timer input to timer output 


7 : A.C Testing waveform 2.4 
Input pulse level 0. 45~2, 4V ; 2 2 
Input pulse rise time 20ns 0.8 0.8 
Input pulse fall time 20ns 0. 45 
Reference level input Vin=2V, Vii =0. 8V 


output VoHn=2V, Vo_=0. 8V 
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TIMING DIAGRAM 
Basic Output 


PORT 
teHL(w—p) 
=a teLH(w—P) 
WR 
tdic—rw) thiw—pa) 


- | 
CE 
ADo~AD7 ry 
ADDRESS \ = 
ALE 
twiL) 


Basic Input 


( DATA y 










tsuioa—w) td(Rw—L) 





PORT ( 





tq(L—RwW) 





10/M 
eens 


2p ATA 
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Strobed Output 


PORT / 


tpLH(w—P) 
teHL(w—P) 






teyL(w—-INTR) 


INTR 


tpLH(STB—INTR) 









teLH(w—BF) j 
BF 


tpHi(sTB—BF) 


STB 


Basic Input 


PORT { 


STB , 
: | 


teLH(sTB—BF) 


thistB—p) 


tpLH(STB—INTR) 


BF 


tpHL(R—BF) 


teHL(R—INTR) ae 


INTR 


TIMenANge 1) (Note 8) 


Ps 5 4 


TIMER IN J 
twose) |] tween) in thes 
tec s) 


PULSE MODE (Note 9) ee 
HL( #4 —OuUT 


teHL( $—our) 





tpHL(¢—ourT) 


TIMER OUT 


Note 8 : The wave form is shown for the case of counting down from 5 to 1 
9: As iong as the M1 mode flag of the timer register is at 
high-level, pulses are continuously output 
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DESCRIPTION 

The M5L8251AP-5 is a universal synchronous/asynchronous 
receiver/transmitter (USART) IC chip designed for data 
communications use. It is produced using the N-channel sili- 
con-gate ED-MOS process and is mainly used in combina- 
tion with 8-bit microprocessors. 


FEATURES 
@ Single 5V supply voltage 
@ TTL compatible 
@ Synchronous and asynchronous operation 
Synchronous: 
5~8-bit characters 
Internal or external synchronization 
Automatic SYNC character insertion 
Asynchronous system: 
5~8-bit characters 
Clock rate—1, 16or 64 times the baud rate 
1,14, or 2 stop bits 
False-start-bit detection 
Automatic break-state detection 
@® Baud rate: DC~64k-baud 
@ Full duplex, double-buffered transmitter/receiver 
@ Error detection: parity, overrun, and framing 


APPLICATION 
Modem control of data communications using microcompu- 
ters. Control of CRT, TTY and other terminal equipment 


FUNCTION 

The M5L8251AP-5 is used in the peripheral circuits of a 
CPU. It permits assignments, by means of software, of op- 
erations in all the currently used serial-data transfer sys- 


BLOCK DIAGRAM 


RESET INPUT RESET (21) 
CLOCK INPUT — CLK 65)» 
CONTROL/DATA-CONTROL 
INPUT 
READ-DATA CONTROL INPUT 
WRITE-DATA CONTROL INPUT 


CHIP-SELECT INPUT 





DATA-SET READY INPUT 
DATA-TERMINAL READY OUTPUT 
CLEAR-TO-SEND INPUT 
REQUEST-TO-SEND OUTPUT 


MODEM 
)—+4 contro 


BIDIRECTIONAL DATA BUS 
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PIN CONFIGURATION (TOP VIEW) 


BIDIRECTIONAL 
DATA BU 


TRANSMITTER- 
CLOCK INPUT TxC [9] 


TE-DATA 
CONTROL INPUT WR — [10 
CHIP-SEREGE TS — 


CONTROL/DATA: 7m 
CONTROL INPUT C/D > 


READ-DATA ox 

CONTROL INPUT RD > 
R is 

READY OUTPUT RxRDY + 


G-dVISc8 1SW 


TRANSMITTER- 
DATA OUTPUT 
TRANSMITTER- 
EMPTY QUTPUT 
AR-TO- 


READY OUTPUT 


Outline 28P4 





tems. The M5L8251AP-5 receives parallel-format data from 
the CPU, converts it into a serial format, and then transmits 
via the TxD pin. It also receives data sent in via the RxD pin 
from the external circuit, and converts it into a parallel format 
for sending to the CPU. On receipt of parallel-format data for 
transmission from the CPU or serial data for the CPU from 
external devices, the MOL8251AP-5 informs the CPU using 
the TxRDY or RxRDY pin. In addition, the CPU can read the 
M5L8251AP-5 status at any time. The M5L8251AP-5 can de- 
tect the data received for errors and inform the CPU of the 
presence of errors as status information. Errors include par- 
ity, overrun and frame errors. 


TRANSMIT 
BUFFER 
(PS) 


iz 
T,RDY _ TRANSMITTER-READY OUTPUT 
TRANSMIT ae 


TxEMPTY — TRANSMITTER-EMPTY OUTPUT 
CONTROL 8 z 
(9) TxC TRANSMITTER-CLOCK INPUT 


(19) TxD TRANSMITTER-DATA OUTPUT 


(4) RxRDY ——_RECEIVER-READY OUTPUT 
RECEIVE pe (5) FG Rx RECEIVER-CLOCK INPUT 


CONTROL 
(16) SYNDET/BD ae DETECT INPUT-OUTPUT 


= /BREAK DETECT OUTPUT 
| 


RECEIVE 
BUFFER 


(3) RxD RECEIVER-DATA INPUT 
(S—P) 


319 
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OPERATION 
The M5L8251AP-5 interfaces with the system bus as shown 
in Fig.1, positioned between the CPU and the modem or ter- 


minal equipment, and offers all the functions required for 


data communication. 


ADDRESS BUS 


CONTROL BUS 


17OR | I/OW | RESET 
DATA BUS | | 





C/D CS Do~D7 RD WR RESET CLK 


M5L8251AP-5 


Fig. 1 M5L8251AP-5 interface to CPU system bus 


When using the M5L8251AP-5, it is necessary to program, as 
the initial setting, assignments for synchronous/asynchronous 
mode selection, baud rate, character length, parity check, 
and even/odd parity selection in accordance with the com- 
munication system used. Once programming 1s completed, 
functions appropriate to the communication system can be 
carried out continuously. 

When initial setting of the USART is completed, data com- 
munication becomes possible. Though the receiver is always 
in the enable state, the transmitter is placed in the transmit- 
ter-enable state (T,EN) by a command instruction, and the 
application of a low-level signal to the CTS pin prompts 
data-transfer start-up. Until this condition is satisfied, trans- 
mission is not executed. On receiving data, the receiver in- 
forms the CPU that reading for the receiver data in the 
USART by the CPU has become possible (the RxRDY ter- 
minal has turned to high-level). Since data reception and 
the entry of the CPU into the data-readable state are output 
as status information, the CPU can access USART status 
without accessing the RxRDY terminal. 

During receiving operation, the USART checks errors and 
gives out status information. There are three types of errors: 
parity, overrun, and frame. Even though an error occurs, the 
USART continues its operations, and the error state is re- 
tained until error reset (ER) is effected by a command in- 
struction. The M5L8251AP-5 access methods are listed in 
Tablel. 








Table 1 M5L8251AP-5 Access Methods 


Data bus «- Data in USART 


USART + Data bus 


Data bus + Status 


Control «- Data bus 


3-State « Data bus 
3-State - Data bus 


Read/Write Control Logic 

This logic consists of a control word register and command 
word register. It receives signals from the CPU control bus 
and generates internal-control signals for the elements. 
Modem Control Circuit 

This is a general-purpose control-signal circuit designed to 
simplify the interface to the modem. Four types of control 
signal are available: output signals DTR and RTS are con- 
trolled by command instructions, input signal DSR is given to 
the CPU as status information and input signal CTS controls 
direct transmission. 

Data-Bus Buffer 

This is an 8-bit 3-state bidirectional bus through which con- 
trol words, command words, status information, and transfer 
data are transferred. Fig. 2 shows the structure of the data- 
bus buffer. 





TO INTERNAL 
DATA BUS 


a 
ae STATUS BUFFER ca 
i RECEIVE—DATA : 


BUFFER 


CONTROL BUFFER 
; TRANSMIT—DATA ' 


BUFFER 


Fig. 2 Data-bus-buffer structure 


Transmit Buffer 

This buffer converts parallel-format data given to the data- 
bus buffer in to serial data with addition of a start bit, stop 
bits and a parity bit, and sends out the converted data 
through the TxD pin based on the control signal. 
Transmit-Control Circuit 

This circuit carries out all the controls required for serial 
data transmission. It controls transmitter data and outputs the 
signals required by external devices in accordance with the 
instructions of the read/write control logic. 
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Receive Control Circuit 
This circuit offers all the controls required for normal recep- 
tion of the input serial data. It controls receiver data and out- 
puts signals for the external devices in accordace with the 
instructions of the read/write control logic. 
Receive Buffer 
This buffer converts serial data given via the R,xD pin into a 
parallel format, checks the bits and characters in accord- 
ance with the communication format designated by mode 
setting, and transfers the assembled characters to the CPU 
_ via the data-bus buffer. 
Receiver-Data Input (R,D) 
Serial characters sent from another device are input to this 
pin and converted to a parallel-character format to serve as 
data for the CPU. Unless the high-level state is detected af- 
ter a chip-master reset procedure (this resetting is carried 
out to prevent spurious operation such as that due to faulty 
connection of the R,D to the line in a break state), the serial 
characters are not received. This applies to only the asyn- 
chronous mode. When the RxD line enters the low-level 
state instantaneously because of noise, etc, the mis-start 
prevention function starts working. That is, the start bit is de- 
tected by its falling edge but in order to make sure that it is 
the correct start bit, the RxD line is strobed at the middle of 
the start bit to reconfirm the low-level state. If it is found to 
be high-level a faulty-start judgment is made. 
Transmitter-Clock Input (T,C) 
This clock controls the baud rate for character transmission 
from the TxD pin. Serial data is shifted by the falling edge of 
the TC signal. In the synchronous mode, the TxC frequency 
is equal to the actual baud rate. In the asynchronous mode, 
the frequency is specified as 1, 16, or 64 times the baud rate 
by the mode setting. 
Example When the baud rate is 110 bauds: 

T,C=110Hz(1X) 

TxC=1. 76kHz(16X) 

TxC=7. 04kHz(64X) 
Write-Data Control Input (WR) 
Data and control words output from the CPU by the low-level 
input are written in the M5L8251AP-5. This terminal is usually 
used in a form connected with the control bus |/OW of the 
CPU. 
Chip-Select Input (CS) 
This is a device-select signal that enables the USART by a 
low-level input. Usually, it is connected to the address bus 
directly or via the decoder. When this signal is in the high- 
level state, the M5L8251AP-5 is disabled. 
Control/Data Control Input (C/D) 
This signal shows whether the information on the USART 
data bus is in the form of data characters or control words, 
or in the form of status information, in accordance with the 
RD and WR inputs while the CPU is accessing the 
M5L8251AP-5. The high-level identifies control words or sta- 
tus information, and the low-level, data characters. 





Read-Data Control Input (RD) 

Receiver data and status information are output from the 
CPU by a low-level input for the CPU data bus. 
Receiver-Ready Output (R,RDY) 

This signal ‘indicates that the received characters have en- 
tered the receiver buffer, and further, the receiver-data buf- 
fer in the data-bus buffer shown in Fig. 2. It is possible to 
confirm the RyRDY status by using this signal as an interrup- 
tion signal for the CPU or by allowing the CPU to read the 
D, bit of the status information by polling. The R,xRDY is 
automatically reset when a character is read by the CPU. 
Even in the break state in which the R,D line is held at low- 
level, the RxRDY remains active. It can be masked by mak- 
ing the R,E(D2) of the command instruction 0. 
Transmitter-Ready Output (T,RDY) 

This signal shows that the data is ready for transmission. It is 
possible to confirm the status of serial-data transmission by 
using it as an interruption signal for the CPU or by allowing 
the CPU to read the Do bit of the status information by poll- 
ing. Since the TxRDY signal shows that the data buffer is 
empty, it is automatically reset when a transmission charac- 
ter is loaded by the CPU. The TxRDY bit of the status in- 
formation means that the transmit-data buffer shown in Fig. 2 
has become empty, while the T,RDY pin enters the high- 
level state only when the transmit-data buffer is empty, TxEN 
equals 1, and a low-level input has been applied to the CTS 
pin. 

Status (Do): When transmit-data buffer (TDB) is empty, it 

becomes 1. 

TxRDY terminal: When (TDB is empty) :(T,EN=1):(CTS 
= “L”) = “H” or resetting, it becomes 
active. 

Sync Detect/Break Detect Output-Input 

(SYNDET/BD) 

In the synchronous mode this pin is used for input and output 
operations. When it is specified for the internal synchronous 
mode by mode setting, this pin works as an output terminal. 
It enters the high-level state when a SYNC character is re- 
ceived through the RxD pin. If the M5L8251AP-5 has been 
programmed for double SYNC characters (bi-sync), a high- 
level is entered in the middle of the last bit of the second 
SYNC character. This signal is automatically reset by read- 
ing the status information. 

On designation of the M5L8251AP-5 to the external synchro- 
nous mode, this pin begins to serve for input operations. Ap- 
plying a_ high-level signal to this pin prompts the 
M5L8251AP-5 to begin assembling data characters at the 
next rising edge of the RxC. For the width of a high-level 
signal to be input, a minimum RxC period is required. 
Designation of the asynchronous mode causes this pin to 
function as a BD (output) pin. When the start, data, and par- 
ity bits and stop bits are all 0 for two characters period, a 
high-level is entered. The BD (break detect) signal can also 
be read as the Dg bit of the status information. This signal is 
reset by resetting the chip master or by the RxD line’s re- 
covering the high-level state. 
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Clear-To-Send Input (CTS) 
When the TxEN bit (Do) of the command instruction has 
been set to 1 and the CTS input is low-level serial data is 
sent out from the TxD pin. Usually this is used as a clear-to- 
send signal for the modem 
Note: CTS indicates the modem status as follows: 
ON means data transmission is possible; 
OFF means data transmission is impossible. 

Transmitter-Empty Output (T,EMPTY) 
When no transmisison characters are left in the transmit buf- 
fer, this pin enters the high-level state. In the asynchronous 
mode, the following transmission character is shifted to the 
transmit buffer when it is loaded from the CPU. Thus, it is 
automatically reset. In the synchronous mode, a SYNC char- 
acter is loaded automatically on the transmit buffer when no 
transfer-data characters are left. In this case, however, the 
TxEMPTY does not enter the low-level state when a SYNC 
character has been sent out, since T,EMPTY =“H” denotes 
the state in which there is no transfer character and one or 
two SYNC characters are being transferred or the state in 
which a SYNC character is being transferred as a filler. 
TxEMPTY is unrelated to the TxEN bit of the command in- 
struction. 
Transmission-Data Output (T,D) 
Parallel-format transmission characters loaded on _ the 
M5L8251AP-5 by the CPU are assembled into the format de- 
signated by the mode instruction and sent in serial-data form 
via the TxD pin. Data is output, however, only in cases 
where the Do bit (T,EN) of the command instruction is 1 and 
the CTS terminal is in the low-level state. Once reset, this 
pin is kept at the mark status (high level) until the first char- 
acter is sent. 
Clock Input (CLK) 
This system-clock input is required for internal-timing gen- 
eration and is usually connected to the clock-output (CLK) 
pin of the M5L8085AP. Although there is no direct relation 
with the data-transfer baud rate, the clock-input (CLK) fre- 
quency is more than 30 times the T,C or RxC input frequen- 
cy in the case of the synchronous system and more than 4.5 
times in the case of the asynchronous system. 
Reset Input (RESET) 
Once the USART is shifted to the idle mode by a high-level 
input, this state continues until a new control word is set 
Since this is a master reset, it is always necessary to load a 
control word following the reset process. The reset input re- 
quires a minimum 6-clock pulse width. 
Data-Set Ready Input (DSR) 
This is a general-purpose input signal, but is usually used as 
a data-set ready signal to test modem status. Its status can 
be known from the status reading process. The D7 bit of the 
status information equals 1 when the DSR pin is in the low- 
level state, and 0 when in the high-level state. 

DSR=“L”—D; bit of status information=1 

DSR=“H’— D7, bit of status information=0 
Note: DSR indicates modem status as follows: 





ON means the modem can transmit and receive; 
OFF means it cannot. 
Request-To-Send Output (RTS) 
This is a general-purpose output signal but is used as a re- 
quest-to-send signal for the modem. The RTS terminal is 
controlled by the Ds bit of the command instruction. When Ds 
is equal to 1, RTS=“L”, and when Ds is 0, RTS=“H”. 
Command register D>=1-RTS=“L” 
Command register D>=0-+RTS=“H” 
Note: RTS controls the modem transmission carrier as fol- 
lows: 
ON means carrier dispatch; 
OFF means carrier stop. 
Data-Terminal Ready Output (DTR) 
This is a general-purpose output signal, but is usually used 
as a data-terminal ready or rate-select signal to the modem. 
The DTR pin is controlled by the D, bit of the command in- 
struction; if D;=1, DTR=“L”, and if D}=0, DTR=“H”. 
D, of the command register=1—-DTR=“L” 
D; of the command register=0--DTR=“H” 
Receiver-Clock Input (RC) 
This clock signal controls the baud rate for the sending in of 
characters via the RxD pin. The data is shifted in by the ris- 
ing edge of the RC signal. In the synchronous mode, the 
RyC frequency is equal to the actual baud rate. In the asyn- 
chronous mode, the frequency is specified as 1, 16, or 64 
times the baud rate by mode setting. This relationship is pa- 
rallel to that of T.C, and in usual communication-line sys- 
tems the transmission and reception baud rates are equal. 
The T,C and RxC terminals are, therefore, used connected 
to the same baud-rate generator. 


PROGRAMMING 

It is necessary for the M5L8251AP-5 to have the control word 
loaded by the CPU prior to data transfer. This must always 
be done following any resetting operation (by external RE- 
SET pin or command instruction IR). There are two types of 
control words: mode instructions specifying general opera- 
tions required for communications and command instructions 
to control the M5L8251AP-5 actual operations. 

Following the resetting operation, a mode instruction must 
be set first. This instruction sets the synchronous or asyn- 
chronous system to be used. In the sysnchronous system, a 
SYNC character is loaded from the CPU. In the case of the 
bi-sync system, however, a second SYNC character must be 
loaded in succession. 

Loading a command instruction makes data transfer possi- 
ble. This operation after resetting must be carried out for in- 
itializing the M5L8251AP-5. The USART command instruction 
contains an internal-reset IR instruction (Dgbit) that makes it 
possible to return the M5L8251AP-5 to its reset state. The in- 
itialization flowchart is shown in Fig. 3 and the mode- 
instruction and command-instruction formats are shown in 
Figs. 4 and 5. 
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— »{LOAD MODE 
C/D=“H"| INSTRUCTIO 


SYNCHRO— 
“Nou 

YES 
—  |LOAD ist SYNC 
C/D="“H" IGHARACTER 


BI-—SYNC 
? 


—  JTLOAD 2nd SYNC 
C/D=“H"| CHARACTER 


— [LOAD COMMAND 
C/D="H"| INSTRUCTION 


YES .,RESET 


5=«,»| TRANSFER 
C/D="L"| __DATA 


NO DONE 


Fig. 3 Initialization flow chart 








SYNC CHARACTER 
SINGLE CHARACTER SYNC 1=SINGLE 
0=DOUBLE 


SYNC DETECTION 
EXTERNAL SYNC DETECT _#1=EXTERNAL 
0=INTERNAL 


PARITY CHECK 
EVEN PARITY 1=EVEN 
0=ODD 


PARITY 


PARITY ENABLE 1=ENABLE 
0= DISABLE 


CHARACTER LENGTH 


D7 De Ds D4 D3; De 


PARITY CHECK 


EVEN PARITY 1=EVEN 
0=ODD 


PARITY 


PARITY ENABLE 1=ENABLE 
0= DISABLE 


CHARACTER LENGTH 
0 | 


SYNCH ROODEL Se LS | EPL PEN] te | bi |B | 
Dy De 


Ds Ds Ds D2 Di 


Fig. 4 Mode-instruction format (C/D=“H", WR=“L”) 


ENTER HUNT MODE 
ENTER MODE 1+ ENABLE SEARCH FOR 


SYNC CHARA\ R 


INTERNAL RESET INTERNAL RESET 

1—TO INITIALIZATION 
TRANSMISSION—CARRIER 
1—-RTS="L" 
ERROR RESET 
PE OE FE) 

SEND BREAK SEND BREAK CHARACTER 
1-TxD=0 


Ry ENABLE RECEIVER ENABLE 
1=ENABLE 
0=DISABLE 


DATA 
TERMINAL 


READY | DATA—TERMINAL READY |. 
1-DTR="L" 


TRANSMISSION ENABLE 
TxENABLEY |= ENABLE 


0= DISABLE 
Pen [im Jars] en [oon] ne ora] TEN 
Ds D; Do 


D7 De Ds D3 De 


Fig. 5 Command-instruction format (C/D="H”, WR=“L”) 
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Asynchronous Transmission Mode 

When data characters are loaded on the M5L8251AP-5 after 
initial setting, the USART automatically adds a start bit (0), 
an odd or even-parity bit specified by the mode instruction 
during initialization, and a specified number of stop bits (1). 
After that, the assembled data characters are transferred as 
serial data via the TxD pin, if transfer is enabled (T,EN= 
1-CTS=“L”). In this case, the transfer data (baud rate) is 
shifted by the mode instruction at a rate of 1X, 1/16X, or 1/ 
64X the TC period. 

If the data characters are not loaded on the M5L8251AP-5, 
the TxD pin enters a mark state (“H”). When SBRK is prog- 
rammed by the command instruction, break characters (0) 
are output continuously through the TxD pin. 

Asynchronous Reception Mode 

The RxD line usually starts operations in a mark state (“H”), 
triggered by the falling edge of a low-level pulse when it 
comes to this line. This signal is again strobe at the middle 
of the bit to confirm that it is a perfect start bit. The detec- 
tion of a second low-level indicates the validity of the start 
bit (again strobe is carried out only in the case of 16X and 
64X) . After that, the bit counter inside the M5L8251AP-5 
starts operating; each bit of the serial information on the RxD 
line is shifted in by the rising edge of RC, and the data bit, 
parity bit (when necessary), and stop bit are sampled at the 
middle position. 

The occurrence of a parity error causes the setting of a par- 
ity-error flag. If the stop bit is 0, a frame error flag is set. 
Attention should be paid to the fact that the receiver re- 
quires only one stop bit even though the program has desig- 
nated 1/1.5 or 2 stop bits. 

Reception up to the stop bit means reception of a complete 
character. This character is then transferred to the receiver- 
data buffer shown in Fig.2, and the RyRDY becomes active. 
In cases where this character is not read by the CPU and 


CPU-USART (5~8-BIT/CHARACTER) 


DATA CHARACTER | 


ASSEMBLED DATA FORMAT 


ul DATA CHARACTER o~ey PR] Toes 


TRANSMITTER DATA OUTPUT (TxD) 


TyD MARK [Snr DATA BITS —_JPARITY] stop 
STATE BIT (5~8) BIST 


OT An Sy. 32) 














where the next character is transferred to the receiver-data 
buffer, the preceding character is destroyed and an overrun- 
error flag is set. 
These error flags can be read as the M5L8251AP-5 status in- 
formation. The occurrence of an error does not stop USART 
operations. The error flags are cleared by the ER(D, bit) of 
the command instruction. 

The asynchronous-system transfer formats are shown in 
Figs. 6 and 7. 
Synchronous Transmission Mode 
In this mode the TxD pin remains in the high-level state until 
initial setting by the CPU is completed. After initialization, 
the state of CTS=“L” and TxEN =1 enables serial transmis- 
sion of characters through the T,D pin. Then, data charac- 
ters are sent out and shifted by the falling edge of the TC 
signal. The transmission rate equals the T,C rate. 
Thus, once data-character transfer starts, it must continue 
through the TxD pin at the same rate as that of T,C. Unless 
data characters are provided from the CPU before the trans- 
mitter buffer becomes empty, one or two SYNC characters 
are automatically output from the TxD pin In this case, it 
should be noted that the T,EMPTY pin enters the high-level 
state when there are no data characters left in the 
M5L8251AP-5 to be transferred, and that the low-level state 
is not entered until the USART ts provided with the next data 
character from the CPU. Care should also be taken over the 
fact that merely setting a command instruction does not 
effect SYNC-character insertion, because the SYNC charac- 
ter insertion is enabled after sending out the first data char-. 
acter. 
In this mode, too, break characters are sent out in succes- 
sion from the T,D pin when SBRK is designated (D3=1) by 
a command instruction. 


RECEIVER INPUT (R,D): 


R,D MARKISTARTT DATA BITS _ JPARITY! STOP 
STATE bert (5~8) BIT} Bits 


Asie 2) 


STOP BIT 
(1, 1.5, 2) 


RECEIPTION FORMAT 


STAR DATA BITS PARIT 
BIT (5~8) BIT 


USART—CPU (5~8-BIT/CHARACTER) 
DATA CHARACTER (5~8) 


Note : When the data character is 5, 6, or 7 bits/character 
length, the unused bits (for USART— CPU) are set to 


0. 


Fig. 6 Asynchronous transmission format | Fig. 7 Asynchronous transmission format Il (reception) 
(transmission) 
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Synchronous Reception Mode 

Character synchronization in this mode is carried out inter- 
nally or externally by initial-setting designation. 

Programming in the internal synchronous mode requires that 
an EH instruction (D7=1, enter hunt mode) is included in 
the first command instruction. Data on the RxD pin is sam- 
pled by the rising RxC signal, and the receiver-buffer con- 
tents are compared with the SYNC character each time a bit 
is input. Comparison continues until! an agreement is 
reached. When the M5L8251AP-5 has been programmed in 
the bi-sync mode, data received in further succession is 
compared. The detection of two SYNC characters in succes- 
sion makes the USART end the hunt mode, setting the SYN- 
DET pin to the high-level state. This reset operation is 
prompted by the reading of the status information. When the 
parity has been programmed, SYNDET is not set in the mid- 
die of the last data bit but in the middle of the parity bit. 

In the external synchronous mode, the M5L8251AP-5 gets 
out of the hunt mode when a high-level synchronization sig- 
nal is given to the SYNDET pin. The high-level signal re- 
quires a minimum duration of one RxC cycle. In the asyn- 
chronous mode, however, the EH signal does not affect the 
operation at all. 

Parity and overrun errors are checked in the same way as in 
the asynchronous system. During hunt-mode operations the 
parity bit is not checked, but parity checking is carried out 
even when the receiver is disabled. 

The CPU can command the receiver to enter the hunt mode, 
if synchronization is lost. This prevents the SYNC character 
from erroneously becoming equal to the received data when 
all the data in the receiver buffer is set to 1 Attention should 
be paid to the fact that the SYNDET F/F is reset each time 
status information is read irrespective of the synchronous 


CPU-USART (5~8-BIT/CHARACTER) 
[oara CHARACTER 


ASSEMBLED 1T,D OUTPUT 


SYNC SYNC DATA [Pare 
CHARACTER1ICHARACTER2] CHARACTERE cter {CHARACTER 





Fig. 8 Synchronous transmission format | 
(transmission) 


mode’s being internal or external. This, however, does not 

return the M5L8251AP-5 to the hunt mode. Synchronism de- 

tection is carried out even though it is not the hunt mode. 

The synchronous transfer formats are shown in Figs. 8 and 9. 

Command Instruction 

This instruction defines actual operations in the communica- 

tion mode designated by mode setting. Command instruc- 

tions include transmitter/receiver enable error-reset, inter- 
nal-reset, modem-control, enter-hunt and break transmission 
instructions. 

The mode is set following the reset operation. A SYNC char- 

acter is set as required, and the writing of high-level signals 

on the control/data pin (C/D) that follows it is regarded as a 

command instruction. When the mode is set all over again 

from the beginning, the M5L8251AP-5 can be reset by using 
inputting via the reset terminal or by internal resetting based 
on the command instruction. 

Note 1: The command error reset (ER), internal reset (IR) 
and enter-hunt-mode (EH) operations are only 
effective when the command instruction is loaded, 
so that these bits need not be returned to 0. 

2: When a break character is sent out by a command, 
the TxD set to O immediately irrespective of 
whether or not the USART has sent out data. 

3: Operations of the USART’s receiver section which is 
always in the enable state cannot be inhibited. The 
command instruction RxE=0 does not mean that 
data reception via the R,xD pin is inhibited; it means 
that the RyxRDY is masked and error flags are inhi- 
bited. 


SERIAL INPUT DATA (R,D) 


SYNC SYNC DATA rales DATA 
CHARACTERT# CHARACTERZ§CHARACTER[ cter | CHARACTER 


USART~CPU (5~8-BIT/CHARACTER) 


| DATA CHARACTER | 


When the data character is 5, 6, or 7 bits/character 
length, the unused bits (for USART— CPU) are set to 
0. 





Fig. 9 Synchronous transmission format II (reception) 
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STATUS INFORMATION OE: The occurrence of an overrun error in the receiver 
The CPU can always read USART status by setting the C/D section makes the status information OE=1. 
to high-level and RD to low-level. PE: The occurrence of a parity error in the receiver 


section makes this status information PE=1. 

This information becomes 1 when the transmit data 
buffer is empty. Be careful because this has a 
different meaning from the TxRDY pin that enters 
the high-level state only when the transmitter buf- 
fer is empty, when the CTS pin is in the low-level 
state, and when TEN is 1. 


The status information format is shown in Fig. 10. In this for- 
mat RxRDY, TxEMPTY and SYNDET have the same defini- 
tions as those of the pins. This means that these three 
pieces of status information become high-level when each 
pin is 1. The other status information is defined as follows: 
DSR: When the DSR pin is in the low-level state, status 
information DSR becomes 1. 
FE: The occurrence of a frame error in the receiver 
section makes the status information FE=1. 


TyRDY: 


1 FOR DSR=“L” 0 FOR DSR=“H” 


Ot SAME DEFINITION AS SYNDET/BD PIN 


FE IS SET WHEN A VALID STOP BIT IS NOT DETECTED AT THE END OF EVERY CHAR- 
ACTER (ASYNC ONLY) IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION 
FE DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5 

OE IS SET WHEN THE CPU DOES NOT READ A CHARACTER BEFORE THE NEXT ONE 


BECOMES AVAILABLE IT IS RESET BY THE ER BIT OF THE COMMAND INSTRUCTION 
OE DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5 


PE IS SET WHEN A PARITY ERROR IS DETECTED IT IS RESET BY THE ER BIT OF THE 
COMMAND INSTRUCTION PE DOES NOT INHIBIT OPERATION OF THE M5L8251AP-5 
SAME DEFINITION AS TxEMPTY PIN 

SAME DEFINITION AS RxRDY PIN 





=} 1 FOR TRANSMIT DATA BUFFER IS EMPTY 


SYN Rx Tx 
jose | SEY] re | oe | Pe | te | RS | aby 
Do 


D7 De Ds D4 D3 D2 D; 


Fig. 10 Status information (C/D=“H”, WR=“L”) 


APPLICATION EXAMPLES 

Fig. 11 shows an application example for the M5L8251AP-5 
in the asynchronous mode. When the port addresses of the 
M5L8251AP-5 are assumed to be 004 and 01 # in this figure, 
initial setting in the asynchronous mode is carried out in the 
following manner: 


MV! A, B6 + Mode setting 

OUT 01+ 

MVI A, 27# Command instruction 
OUT 014 


In this case, the following are set by mode setting: 
Asynchronous mode 
6 bits/character 
Parity enable (even) 
1.5 stop bits 
Baud rate: 16X 

Command instructions set the following 
RTS=1—RTS pin=“L” 


Ry, E=1 
DTR=1—DTR pin=“L” 
T,EN=1 


When the initial setting is complete, transfer operations are 
allowed. The RTS pin is initially set to the low-level by set- 
ting RTS to 1, and this serves as a CTS input with T,EN 





being equal to 1. For this reason the same definition applies 
to the status and pin of T,RDY, and 1 is assigned when the 
transmit-data buffer is empty. Actual transfer of data is car- 
ried out in the following way: 
IN 01+ Status read 

The IN instruction prompts the CPU to read the USART’s 
status. The result is; if the T,RDY equals 1 transmitter data is 
sent from the CPU and written on the M5L8251AP-5. Trans- 
mitter data is written in the M5L8251AP-5 in the following 
manner: 


MVi A, 2D+ 2Dig is an example of transmit- 
ter data. 
OUT 00 + USART+(A) 
Receiver data is read in the following manner: 
IN 00 + (A)-USART 


In the above example, the status information is read and as 
a result, the transmitter data is written and read. Interruption 
processing by using the Tx,RDY and R,xRDY pins is also 
possible. 

Fig. 12 shows the status of the TxD pin when data written in 
the USART is transferred from the CPU. When the data 
shown in Fig.12 enters the RxD pin, data sent from the 
M5L8251AP-5 to the CPU becomes 2Dj.¢ and bits Dg and D7 
are treated as 0.: 


| 


| 
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BAUD RATE as 
GENERATOR EXTERNAL 
(DIVIDER) CIRCUIT 


TO EXTERNAL CIRCUIT 


TO TRANSMISSION LINE 





11 


TO MEMORY AND OTHER PERIPHERAL DEVICES 


Example of circuit using the asynchronous mode 


SAMPLING STOP BIT (1.5 BITS) 


START oral | pata _| Lt a BIT 
PARITY BIT 





12 Example of data transmission 
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ABSOLUTE MAXIMUM RATINGS 


oO 











With respect to Vss 










| 
[eg [Powerdsspsion —SSC*demwSSCSC*~“~*‘“~*~‘“‘~stCS*S*~«OOOSSSC*dSC 
[Topr | Opeatngtee-artemporeranee—SSd|SSSCSC~C“‘“~*S*~“‘“~*~“‘~tCSSS OTC 












RECOMMENDED OPERATING CONDITIONS (1a=—20~75° , unless otherwise noted) 


Parameter 


Supply voltage 
Power-supply voltage (GND) 





ELECTRICAL CHARACTERISTICS (Ta=—20~75C , Voc=5V+5% , Vss=0V, unless otherwise noted) 


High-level input voltage 


Low-level input voltage 
High-level output voltage lou 


Low-level output voltage loL=2. 2mA 


Supply current from Voc All outputs are high-level 


Low-level input current V,=0. 45V —10 
Off-state input current Vo=0. 45V~Voo> ; —10 
Input terminal capacitance Voc™*Vss, f=1MHz, 25mMVrms, Ta=25°C 


Input/output terminal capacitance Vec=Vss, f=1MHz, 25mVrms, Ta=25C 
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TIMING REQUIREMENTS (Ta=—20~75° . Vec=5V+5% , Vss=0V, unless otherwise noted) 


Symbol Parameter } Tet condone } Tet condone 


Typ 





Unit 






1350 
tor $90 


NO 
oO 


nine rise time 





N 
oO 


|Clocktaltime sss fall time 





oS 
O 
= 
rs) 


KHz 


0 
O 


Xbaudrate im oo rate 
Transmitter input clock 
frx WeXbaudrtte = baud rate 
frequency 
64X baud rate 
Transmitter input clock low 1X baud rate 
tw(tPWL) 
pulse width 





toc) 
16X, 64X baud rate 


Transmitter input clock high 1X baud rate 
twctewH) 
pulse width 16X, 64X baud rate 
1X baud rate 
Receiver input clock 
frx 16X baud rate 
frequency 
64X baud rate 
Receiver input clock low 1X baud rate 
tw(RPWL) 
pulse width 16X, 64X baud rate 
Receiver input clock high 1X baud rate 
tw( RPWH) 
pulse width 





0 
O 


toc) 









Ww 


© 


1 KHz 





toc 4) 


toc) 
16X, 64X baud rate 


Address setup time before read (CS, C/D) (Note6) 
Address hold time after read (CS, C/D) (Note6) 


Read pulse width 

Address setup time before write 
Address hold time after write 
Write pulse width 

Data setup time before write 
inv [We sory ne rss i GED 


Note 4: The TxC and RxC frequencies have the following limitations with respect to CLK. 

For 1X baud rate frx, fax1/(30te: )). For 16X 64X baud rate frx, faxs1/(4. Ste ¢ )) 

Reset pulse width=6tg s) minimum. System clock must be running during reset. 

CS, C/D are considered as address. 

This recovery time is for mode initialization only. Write data is allowed only when T,RDY=1. Recovery time between writes for asynchronous 
mode is 8tg,¢), and that for synchronous mode is 16tg ¢). 


_|0;0/0 i = 
w m!1OLOQ!LOA!lwia NC) 


















N 
gi 
Oo 


——h 
NO} ND foe] 





0 


N 
on 





NO 
oO 


toc) 


NO 
oO 


toc ¢) 


toc) 


nH | 





“WO O1 





MITSUBISHI oe 
ELECTRIC 


MITSUBISHI LSIs 


MSL8251AP-5 


PROGRAMMABLE COMMUNICATION INTERFACE 





SWITCHING CHARACTERISTICS (Ta=—20~75C . Vec=5V+5% , Vss=OV , unless otherwise noted) 


a 
ed 
aan 
ees 




















Note 8 : Assumes that address is vaild before falling edge of RD 
9 : Status-up date can have a maximum delay of 28 clock periods from the event affecting the status. 


teHL(w—c) 








10: Input pulse level 0.45~2.4V Reference level Input V;y=2V, ViL=0. 8V 
Input pulse rise time 20ns Output Von=2V, Vo_=0. 8V 
Input pulse fall time 20ns 
2.4 3 5 
0. 45 0.8 0.8 
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TIMING DIAGRAMS 


System Clock toc +) 





CLK 


Transmitter Clock & Data 
1 2 3 4 5 6 7 8 9 10 WW 12 #13 «14 


TxC(16X) 


TxC(1X) 


tezv(TxC-TxD) 


Receiver Clock & Data 


Rx-BIT COUNTER STARTS HERE 
RxD START BIT DATA BIT DATA BIT 


8RxC PERIODS 16R,C PERIODS 
23 4 5 6 7 8 {9 10 11 12 1314 15 16412 3 4 5 6 7 8 9 10 1112 13 14 15 16 1 2 3 










INTERNAL 
SAMPLING 
PULSE 





) 
tsu(rxpD-Is) th(is-rxD) 
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Write Control Cycle (CPU-~USART) 


tsu(a-w) th(w-a) 


tsu(a-w) thiw-a) 
WR 

tsu(pa-w) | | thiw-oa) 
D7~Do 

) 
(DATA INPUT) \ is 
teHe(w-c) 
DTR, RTS \ 


Read Control Cycle (USART—~CPU) 


tsu(c-r) 


dl 
w 
Be) 
dl 

4 

wn 

o™ 


tsu(a-R) th(R-a) 


oe ae 


(DATA ourPUuT) ~ _ VALID ) 
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Write Data Cycle (CPU->USART) 


C/D 


Dz~Do 
(DATA INPUT) 


T,RDY 


Read Date Cycle (USART—CPU) 


C/D 


D7~ Do 
(DATA OUTPUT) 


RxRDY 


tsu(a-w) thiw-a) 


= a i 


a 
=| 


teHL(w-TxR) 


tsu(a-r) th(r-a) 


th(r-a) 


— 
=f 


tpvz(R-DQ) 


tsu(a-r) 


tpzv(R-DaQ) 


tPHL(R-RxR) 
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Transmitter Control & Flag Timing (Async Mode) 


C/D 





WR-TxXEN WR-DATA 1 WR-DATA 2 WR-DATA 3 WR-DATA 4 WR-SBRK 


; Z 
CTS 





(PIN) : 
TxRDY L pe 4 
(STATUS) 
teLH(CLB-TxE) -. 
TxEMPTY 





TxD \SEOAREXIES SRE stp ee 


DATA 1 DATA 2 DATA 3 DATA 4 BREAK STATE 


Note 11: Example format = 7 bits/character with parity & 2 stop bits = 
12: TxRDY(pin) = “H” —(Transmit-data buffer is empty) - (TxEN = 1) ° (CTS = “L”) 
13: TxRDY(status) = 1 —(Transmit-data buffer is empty) 


Receiver Control & Flag Timing (Async Mode) 


C/D 





RD DATA 1 RD DATA 3 RD ALL 0 DATA 


WR 
| 
BD 
(PIN) J 
DATA 2 
LOST 
OE ! ; 
(STATUS) | 
teLH(CLB-RxR) 
R,RDY Z_ ’ 
: 


OF TE FATEREFY S OPS00G0GE $0123456PpS0123456Pp 


v. i ; 
DATA 1 P DATA 2 P DATA3  P BREAK STATE 






Oo 


Rx 





Note 14: Example format = 7 bits/character with parity & 2 stop bits 
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Transmitter Control & Flag Timing (Sync Mode) 





C/D 
wR WR WR 
Bara 1 SATA 2 Le 3 BATE 4 SBRK oy DATA 5 


"| ot 
- ae 
(PIN) 


w 


TxRDY 
(STATUS) 
TxEMPTY ae 
10 conan pte enue 
STATE DATA! DATA2 SYNC SYNC DATA 3 DATA 4 STATE BREAK iE DATA 5 SYNC SYNC 
CH1 CH2 STATE CH1 CH 2 


Note 15: Example format = 5 bits/character with parity, bi-sync characters. 


Receiver Control & Flag Timing (Sync Mode) 
INTERNAL SYNC MODE EXTERNAL SYNC MODE 


c/D 








RD 
DATA 1 ale a 3 a CH 1 STATUS RD STATUS RD DATA 


RD | 
WR- EH- RxE WR-EH-RxE 


WR 
INTERNAL = tsu(esp-Axc) 
SYNDET SYNC teLH(Rxc-SYD) iu 
(PIN) ae aie (INPUT) 
(STATUS) 
OE LOST» | 
(STATUS) 
PxRDY Uy — ? 


oem a A i veoulanlelale 


DATA 
LOST 





Rxp 
SYNC SYNC! !DATA 1 DATA 2 DATA3 SYNC SYNC an 
_ ae oe SING. “SYNC DATA 1 DATA 2 
A.C 
EXITS HUNT MODE * CHARACTER’ syNDET SET 
EXITS HUNT MODE | | CHARACTER Poe aael ie L ae 


SYNDET SET ASSEMBLY BEGINS (STATUS) BEGINS 


Note 16: Example format = 5 bits/character with parity, bi-sync characters. 
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DESCRIPTION 

The M5L8253P-5 is a programmable general-purpose timer 
device developed by using the N-channel silicon-gate ED- 
MOS process. It offers counter and timer functions in sys- 
tems using an 8-bit parallel-processing CPU. 

The use of the M5L8253P-5 frees the CPU from the exe- 
cution of looped programs, count-operation programs and 
other simple processing involving many repetitive opera- 
tions, thus contributing to improved system throughputs. 

The M5L8253P-5 works on a single power supply, and both 
its input and output can be connected to a TTL circuit. 


FEATURES 

Single 5V supply voltage 

TTL compatible 

Clock period: DC~2. 6MHz 

3 independent built-in 16-bit down counters 

6 counter modes freely assignable for each counter 
Binary or decimal counts 


APPLICATION 
Delayed-time setting, pulse counting and rate generation in 
microcomputers. 


FUNCTION 

Three independent 16-bit counters allow free programming 
based on mode-control instructions from the CPU. When 
roughly classified, there are 6 modes (0~5). Mode 0 1s main- 
ly used as an interruption timer and event counter, mode 1 
as a digital one-shot, modes 2 and 3 as a rate generator, 
mode 4 for a software triggered strobe, and mode 5 for a 


BLOCK DIAGRAM 
(5V) Voc 24) CONTROL- 
: | 


BIDIRECTIONAL 
DATA BUS 


READ INPUT 
WRITE INPUT 
CHIP-SELECT INPUT 


A 
ADDRESS INPUTS 


PIN CONFIGURATION (TOP VIEW) 


Veco (5V) 


<— WR WRITE INPUT 
2] -— RD READ INPUT 

—_7e CHIP-SELECT 
2— CS pyr 
ADDRESS 
<— A> { INPUTS 


— CLK2 CLOCK INPUT 


BIDIREC- 
TIONAL 


DATA BUS wage all 


G-deScs 1SW 


= +— GATE2 GATE INPUT 
oe CLOCK INPUT 


*— GATE] GATE INPUT 


- COUNTER 
OUT! OUTPUT 


CLOCK INPUT CLKO— [9] 


GATE INPUT GATEO— 


Outline 24P4 





hardware triggered strobe. The count can be monitored and 
set at any time. The counter operates with either the binary 
or BCD system. 


CLOCK INPUT 
GATE INPUT 
COUNTER OUTPUT 


- (9) CLKO 
COUNTER 


(10) OUTO 


ae CLK1 


—é GATE 
—€ OUT] 


CLOCK INPUT 
GATE INPUT 
COUNTER OUTPUT 


Ed aes 


CLOCK INPUT 
GATE INPUT 
COUNTER OUTPUT 


(18) CLK2 
COUNTER —¢ GATED 


|g OUT2 


INTERNAL 
DATA BUS 
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DESCRIPTION OF FUNCTIONS 

Data-Bus Buffer 

This 3-state, bidirectional, 8-bit buffer is used to interface 
the M5L8253P-5 to the system-side data bus. Transmission 
and reception of all the data including control words for 
mode designation and values written in, and read from, the 
counters are carried out through this buffer. 

Read/Write Logic 

The read/write logic accepts control signals (RD, WR) from 
the system and generates control signals for each counter. It 
is enabled or disabled by the chip-select signal (CS); if CS 
is at the high-level the data-bus buffer enters a floating 
(high-impedance) state. 

Read Input (RD) 

The count of the counter designated by address inputs Ao 
and A; on the low-level is output to the data bus. 

Write Input (WR) 

Data on the data bus is written in the counter or control-word 
register designated by address inputs Ap and A; on the low- 
level. 

Address Inputs (Ag, A;) 

These are used for selecting one of the 3 internal counters 
and either of the control-word registers. 

Chip-Select Input (CS) 

A low-level on this input enables the M5L8253P-5. Changes 
in the level of the CS input have no effect on the operation 
of the counters. 

Control-Word Register 

This register stores information required to give instructions 
about operational modes and to select binary or BCD count- 
ing. Unlike the counters, it allows no reading, only writing. 
Counters 0,1 and 2 

These counters are identical in operation and independent 
of each other. Each is a 16-bit, presettable, down counter, 
and has clock-input, gate-input and output pins. The counter 
can operate in either binary or BCD using the falling edge of 
each clock. The mode of counter operation and the initial 
value from which to start counting can be designated by 
software. The count can be read by input instruction at any 
time, and there is a “read-on-the-fly” function which enables 
stable reading by latching each instantaneous count to the 
registers by a special counter-latch instruction. 


CONTROL WORD AND INITIAL-VALUE LOADING 
The function of the M5L8253P-5 depends on the system soft- 
ware. The operational mode of the counters can be speci- 
fied by writing control words (Ao, A;=1, 1) into the control- 
word registers. 

The programmer must write out to the M5L8253P-5 the prog- 
rammed number of count register bytes (1 or 2) prior to 
actually using the selected counter. 

Fig. 1 shows control-word format, which consists of 4 fields. 
Only the counter selected by the D7 and Dg bits of the con- 
trol word is set for operation. Bits Ds and Dy, are used for 
specifying operations to read values in the counter and to in- 
itialize. Bits D3~D, are used for mode designation, and Do 
for specifying binary or BCD counting. When Do =0, binary 
counting is employed, and any number from 0000;¢ to FFFFi¢ 
can be loaded into the count register. The counter is 
counted down for each clock. The counting of 0000;, causes 
the transmission of a time-out signal from the count-output 
pin. 

The maximum number of counts is obtained when 0000j¢ is 
set as the initial value. When D)>=1, BCD counting is em- 
ployed, and any number from 000019 to 9999;9 can be loaded 
on the counter. 

Neither system resetting nor connecting to the power supply 
sets the control word to any specific value. Thus to bring the 
counters into operation, the above-mentioned control words 
for mode designation must be given to each counter, and 
then 1~2 byte initial counter values must be set. The follow- 
ing is an example of this programming step. 

To designate mode 0 for counter 1 ,with initial value 8253). 
set by binary count, the following program is used: 


MVI A, 70;, Control word 70i¢ 

OUT n, n; is control-word-register address 
MVI A, 53,;, | Low-order 8 bits 

OUT n. nz is counter 1 address 

MVI A, 82,, | High-order 8 bits 

OUT wn, Nz is counter 1 address 


Thus, the program generally has the following sequence’ 

(1) Control-word output to counter i (i=0, 1, 2). 

(2) Initialization of low-order 8 counter bits 

(3) Initialization of high-order 8 counter bits 

The three counters can be executed in any sequence It is 
possible, for instance, to designate the mode of each coun- 
ter and then load initial values in a different order. Initializa- 
tion of the counters designated by RL 1 and RL 0 must be 
executed in the order of the low-order 8 bits and then the 
high-order 8 bits for the counter in question. 
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Table 1 Basic Functions 















Function 


Data bus-*Counter 0 





Data bus—~Counter 1 
Data bus—~Counter 2 


Data bus—*>Control-word register 





Data bus+-Counter 0 
Data bus+-Counter 1 
Data bus+-Counter 2 
3-state 


3-state 


cerreensasl 
= 


xX 2 2 ror Pr 


pxeceennedh 


3-state 


eerreene el 
pxcecenencl 


®SC(Select Counter) 


Select counter 0 
Select counter 1 


Select counter 2 


Prohibited combination 


, 


Dy De Ds D, D3 D> 1 Binary-coded decimal! counter (4 decades) 


Di De 
sco | ALI | RLO | m2 | Mi 


-—— sc ———++_——- RL ——__ + m+ BCD 





Fig. 1 Control-Word Format 
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MODE DEFINITION 

Mode 0 (Interrupt on Terminal Count) 

Mode set and initialization cause the counter output to go 
low-level (see Fig. 2). When the counter is loaded with an 
initial value, it will start counting the clock input. When the 
terminal count is reached, the output will go high-level and 
remain high-level until the selected count register is re- 
loaded with the mode. This mode can be used when the 
CPU is to be interrupted after a certain period or at the time 
of counting up. 

Fig. 2 shows a setting of 4 as the initial value. If gate input 
goes low-level, counting is inhibited for the duration of the 
low-level period. 

Reloading of the initial value during count operation will stop 
counting by the loading of the first byte and start the new 
count by the loading of the second byte. 

Mode 1 (Programmable One-Shot) 

The gate input functions as a trigger input. A gate-input ris- 
ing edge causes the generation of low-level one-shot output 
with a predetermined clock length starting from the next 
clock. Fig. 3 shows an initial setting of 4. While the counter 
output is at the low-level (during one-shot), loading of a new 
value does not change the one-shot pulse width, which has 
already been output. The current count can be read at any 
time without affecting the width of the one-shot pulse being 
output. This mode permits retriggering. 

Mode 2 (Rate Generator) 

Low-level pulses during one clock operation are generated 
from the counter output at a rate of one per n clock inputs 
(where n is the value initially set for the counter). When a 
new value is loaded during the counter operation, it is re- 
flected on the output after the pulses by the current count 
have been output. In the example shown in Fig. 4, nis given 
as 4 at the outset and is then changed to 3. 

In this mode, the gate input provides a reset function. While 
it is on the low-level, the output is maintained high-level; the 
counter restarts from the initial value, triggered by a rising 
gate-input edge. This gate input, therefore, makes possible 
external synchronization of the counter by hardware. 

After the mode is set, the counter does not start counting un- 
til the rate n is loaded into the count register, with the coun- 
ter output remaining at the high-level. 

Mode 3 (Square Rate Generator) 

This is similar to Mode 2 except that it outputs a square 
wave with the half count of the set rate. When the set value 
n is odd, the square-wave output will be high for (n+1) /2 
clock-input counts and low-level for (n—1)/2 counts. When 
a new rate is reloaded into the count register during its op- 
eration, it is immediately reflected on the count directly fol- 
lowing the output transition (high-to-low or low-to-high) of 
the current count. Gate-input operations are exactly the 
same as in Mode 2. Fig. 5 shows an example of Mode 3 op- 
eration. 





Mode 4 (Software Triggered Strobe) 

After the mode is set, the output will be high-level. By load- 
ing a number on the counter, however, clock-input counts 
can be started and on the terminal count, the output will go 
low for one input-clock period and then will go high again. 
Mode 4 differs from Mode 2 in that pulses are not output re- 
peatedly with the same set count. The pulse output is de- 
layed one clock period in Mode 2, as shown in Fig. 6. When 
a new value is loaded into the count register during its count 
operation, it is reflected on the next pulse output without 
affecting the current count. The count will be inhibited while 
the gate input is low-level. 

Mode 5 (Hardware Triggered Strobe) 

This is a variation of Mode 1. The gate input provides a trig- 
ger function, and the count is started by its rising edge. On 
the terminal count, the counter output goes low for on one 
clock period and then goes high-level. As in Mode 1], retrig- 
gering by the gate input is possible. An example of timing in 
Mode 5 is shown in Fig. 7. 

As mentioned above, the gate input plays different roles 
according to the mode. The functions are summarized in 
Table 2. 


Table 2 Gate Operations 


Low-level 
or 
going low-level 
(1) Initates counting 
1 (2) Resets output 
after next clock 


(1) Reloads counter 










High-level 
Enables 
counting 


Enables 
counting 








(1) Disables counting 
(2) Sets output high 
immediately 



























Enables 
counting 


(1) Reloads counter 


(1) Disables counting 
(2) Initiates counting 


(2) Sets output high 
immediately 






(2) Initiates counting 
Enables 
4 Disables counting counting 






5 
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OUT(n=4) 


OUT(n=5) 


GATE l [ 
a a. 4 24 2 4.2 


eT cee ees CM! coe 








Fig. 3 Mode 1 


eck J LPL LLL LL LLL 


WR 


OUT(GATE=“H") 
GATE 


3 
OUT 


Fig. 4 Mode 2 


COUNTER MONITORING 

Sometimes the counter must be monitored by reading its 
count or using it as an event counter. The M5L8253P-5 offers 
the following two methods for count reading: 

Read Operation 

The count can be read by designating the address of the 
counter to be monitored and executing a simple !/O read 
operation. In order to ensure correct reading of the count, it 
is necessary to cause the clock input to pause by external 
logic or prevent a change in the count by gate input. An ex- 
ample of a program to read the counter 1 count is shown be- 
low. If RL1, RLO=1, 1 has been specified in the control word, 
the first IN instruction enables the low-order 8 bits to be read 
and the second IN instruction enables the high-order 8 bits. 


IN Nz ‘**: Nz is the counter 1 address 
MOV OD,A 

IN No 

MOV E,A 


The IN instruction should be executed once or twice by the 
RL1 and RLO designations in the control-word register. 


Fig. 5 Mode 3 





Fig. 6 Mode 4 


eck LE LPL LLLP Ly LL L$ 
GATE j 
7 ee 


OUT(n=4) LJ 


GATE 


4 3 4 3 2 1 
OUT(n=4) LJ 


Fig. 7 Mode 5 





Read-on-the-Fly Operation 

This method makes it possible to read the current count 
without affecting the count operation at all. A special coun- 
ter-latch command is first written in the control-word regis- 
ter. This causes latching of all the instantaneous counts to 
the register, allowing retention of stable counts. An example 
of a program to execute this operation for counter 2 is given 
below. 


MVI A, 1000XXXX ---- D;=D,=0 designates counter 
latching 

OUT n, °°" n; is the control-word-register address 

IN nz °**: n3 is the counter 2 address 

MOV D,A 

IN ns 

MOV E,A 


In this example, the IN instruction is executed twice. Due to 
the internal logic of the M5L8253P-5 it is absolutely essential 
to complete the entire reading procedure. If 2 bytes are 
programmed to be read, then two bytes must be read before 
any OUT instruction can be executed to the same counter. 
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ABSOLUTE MAXIMUM RATINGS 


? 
Taig [Sirapetenpentrennge CSCS amtzo 


Symbol Parameter Unit 
Min | Nom | Max 











With respect to Vss 










ELECTRICAL CHARACTERISTICS (Ta=—20~75C. Vec=5V+10%, Vss=0V, unless otherwise noted) 


vi | High-level input voitage 

















Vin i 

eed ae |” ne OR A a RSE 

a oS a a A 

a a 

Cig [tsi pt nt emg a 
irae 


VijoL=Vss; f=1MHz,25mVrms, Ta=25C 












input/output terminal capacitance 
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TIMING REQUIREMENTS (Ta=—20~75°, Vcc= 5 V+10%, Vss=0V, unless otherwise noted) 


Read cycle 


twcR) Read pulse width 


tsuca-r) | Address setup time before read 
Address hold time after read 


trec(R) 


























Read recovery time 





Write cycle 
Min Typ Max 


Parameter Test conditions 
Write pulse width 


tsuca-w) | Address setup time before write 


thcw-a) Address hold time after write i ie 











tsu(pe-w)| Data setup time before write 


thcw-pa) | Data hold time after write 








trec(w) Write recovery time 





Clock and gate timing 





SWITCHING CHARACTERISTICS (Ta=—20~75C, Voc= 5 V+10%, Vss=0V, unless otherwise noted) 


Symbol Parameter Test conditions 





Propagation time from read to output 
Propagation time from read to output floating (Note 2 ) 
C_=150pF 


Note 1 : AC Testing waveform 





Input pulse level 0. 45~2. 4V 

Input pulse rise time 20ns 

Input pulse fall time 20ns 

Reference level input Vin=2. 2V, ViL=0. 8V 

t Von=2. OV, Vo_=0. 8V 2.4 
2 : Test condition is not aie = - ae ae os 2.0 2.0 
0. 45 . : 0. 45 0.8 0. 8 
Input : Output 
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TIMING DIAGRAMS 







Read Cycle 
tsu(a—r) 
RD 
«> 
Dz~D 4 
rs % Wy 
ge a ee 
tpzv(R—Da) tpyz(R—pa) 

Write Cycle 


tsu(pe—w) tsu(w—pa) 


trec(r), trec(w) 







(Recovery Time) 


D-WR 


Clock and Gate Cycle 


tw(aL) twiGH) 








GATE 
CLK 
tec ¢) 
OUT 
texv( d—our) 
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DESCRIPTION 

The M5L8255AP-5 is a family of general-purpose programm- 
able input/ output devices designed for use with an 8-bit/16- 
bit parallel CPU as input/output ports. Device is fabricated 
using N-channel silicon-gate ED-MOS technology for a sing- 
le supply voltage. They are simple input and output inter- 
faces for TTL circuits, having 24 input/output pins which cor- 
respond to three 8-bit input/output ports. 


FEATURES 

@ Single 5V supply voltage 
TTL compatible 

Darlington drive capability 

24 programmable I/O pins 
Direct bit set/reset capability 


APPLICATION 


Input/output ports for microprocessor 


FUNCTION 

These PPis have 24 input/output pins which may be indi- 
vidually programmed in two 12-bit groups A and B with 
mode control commands from a CPU. They are used in three 
major modes of operation, mode 0, mode 1! and mode 2. 
Operating in mode 0 , each group of 12 pins may be prog- 
rammed in sets of 4 to be inputs or outputs. In mode 1, the 24 
I/O terminals may be programmed in two 12-bit groups, 
group A and group B. Each group contains one 8-bit data 
port, which may be programmed to serve as input or output, 
and one 4-bit control port used for handshaking and interrupt 
control signals. Mode 2 is used with group A only, as one 8- 


BLOCK DIAGRAM 


GROUP 
A 


READ INPUT RD G) 
WRITE INPUT WR Jog 
ADDRESS , L 
INPUTS |, @) 
RESET INPUT RESET 
CHIP SEREGE OS 


CONTROL 





DATA BUS 


CONTROL 





8-BIT 
INTERNAL 


PIN CONFIGURATION (TOP VIEW). 


+>PA, 
+PAs 
++PAg 
++PA, 
+— WR WRITE INPUT 
+— RESET RESET INPUT 


INPUT/OUTPUT INPUT/OUTPUT 
PORTS A PORTS A 


BI-DIRECTIONAL 
DATA BUS 


G-dVSSZ8 ISN 


-—D, 


Veo (5V) 
++PB, 
++PBs 
PBs 
+~PB, 
-+PB3 


INPUT/OUTPUT 
PORTS B 


Outline 40P4 





bit bidirectional bus port and one 5-bit control port. Bit set/ 
reset is controlled by CPU. A high-level reset input (RESET) 
clears the control register, and all ports are set to the input 
mode (high-impedance state). 


= 
ama Sy 

A —— PAg \ INPUT/OUTPUT 
PORT A (1) PA3 | PORTS A 
(8-BIT) oe PA2 


(3) PA; 

(4) PAo 

GROUP A 1 PC, 
Boe 


PORT C 


(MOST SIGNIFI-}<——>¢ (12) PCs 
cals Y) PCa! inpuT/OUTPUT 
[sare ()) PC3| PORTS C 


PORT C 
Ea LEAST SIGNIFI 
CANT 4 BITS) 


GROUP 





=] INPUT/OUTPUT 
PORTS B 
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FUNCTIONAL DESCRIPTION 

RD (Read) Input 

At low-level, the status or the data at the port is transferred 
to the CPU from the PPI. In essence, it allows the CPU to 
read data from the PPI. 

WR (Write) Input 

At low-level, the data or control words are transferred from 
the CPU and written in the PPI. 

Ao, A; (Port address) Input 

These input signals are used to select one of the three 
ports: port A, port B, and port C, or the control register. They 
are normally connected to the least significant 2 bits of the 
address bus. 

RESET (Reset) Input 

At high-level, the control register is cleared. Then all ports 
are set to the input mode (high-impedance state). 

CS (Chip-Select) Input 

At low-level, the communication between the PPI and the 
CPU is enabled. While at high-level, the data bus is kept in 
the high-impedance state, so that commands from the CPU 
are ignored. Then the previous data is kept at the output 
port. 

Read/Write Control Logic 

The function of this block is to control transfers of both data 
and control words. It accepts the address signals (Ao, Aj, 
CS), I/O control signals (RD, WR) and RESET signal, and 
then issues commands to both of the control groups in the 
PPI. 

Data Bus Buffer 

This three-state, bidirectional, 8-bit buffer is used to transfer 
the data when an input or output instruction is executed by 
the CPU. Control words and status information are also 
transferred through the data bus buffer. 

Group A and Group B Control 

Accepting commands from the read/write control logic, the 
control blocks (Group A, Group B) receive 8-bit control 
words from the internal data bus and issue the proper com- 
mands for the associated ports. Control group A is associ- 
ated with port A and the 4 high-order bits of port C. Control 
group B is associated with port B and the 4 low-order bits of 
port C. The control register, which stores control words, can 
only be written into. 

Port A, Port B and Port C 

The PPI contains three 8-bit ports whose modes and input/ 
output settings are programmed by the system software. 

Port A has an output latch/buffer and an input latch/buffer. 
Port B has an input-output latch/buffer. Port C has an output 
latch/buffer and an input buffer. Port C can be divided into 
two 4-bit ports which can be used as ports for control signals 
for port A and port B. 

The basic operations are shown in Table 1. 


Table 1 Basic Operations 


[a [A [SS[RO [WA] parton 
Pofo[t{e|H [ompanrea 


Port B + Data bus 
Port C + Data bus 
Control register «- Data bus 


Data bus ts in high-impedance state 


lilegal condition 








Bit Set/Reset 

When port C is used as an output port, any 1 bit of the 8 bits 
can be set (high) or reset (low) by a control word from the 
CPU. This bit set/reset can be operated in the same way as 


the mode set, but the control word format is different. This 


operation is also used for INTE (interrupt enable flag) set/ 
reset in mode 1 and mode 2. 

different. This operation is also used for INTE set/reset in 
mode 1 and mode 2. 


Bit set/reset flag 


Don’t care 
Bit selection code 


Port C D 
Bit selected 3 
PC7 


D2 


v 
i?) 
a 


ele 





Set/reset code 
| Set (high) =1 
D7[D¢ Ds |Da]D3]D2{ D1 [Do 


Fig. 1 


Reset (low) =0 





Control word format for port C set/reset 
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BASIC OPERATING MODES 
The PPI can operate in any one of three selected basic 
modes. 


Mode 0: Basic input/output (group A, group B) 
Mode 1: Strobed input/output (group A, group B) 
Mode 2: Bidirectional bus (group A only) 


The mode of both group A and group B can be selected in- 
dependently. The control word format for mode set is shown 
in Fig. 2. 


Mode set flag 
Group A mode set 
Mode 1 De, Ds 
Mode 2 De, Ds 
Port A input/output set 
output = 0 
input =1 
Port C (high-order 4 bits) input/output set 
output = 0 
input = 1 
Group B mode set 
Mode 0 = 0 
Mode 1 = 1 
Port B input/output set 
output =0 
input =1 
“Port C (high-order 4 bits) input/output set 





output = 0 
PEPE p Pm [we =) _| 


Fig. 2 Control word format for mode set. 


1. Mode 0 (Basic Input/Output) 

This functional configuration provides simple input and out- 
put operations for each of the 3 ports. No “handshaking” is 
required; data is simply written in, or read from, the speci- 
fied port. Output data from the CPU to the port can be held, 
but input data from the port to the CPU cannot be held. Any 
one of the 8-bit ports and 4-bit ports can be used as an input 
port or an output port. The diagrams following show the 
basic input/output operating modes. 
















M5L8255AP-5 
PA PCiy) PCr.) PB 


M5L8255AP-5 
PA PCiy) PC) PB 

















4 
PC7~PC, PB7~PBo 
PA7z~PAo PC3~PCo 


4 
PC7~PC, PB7~PBo 
PA7~PAbo PC3~PCo 









D7 De Ds D4 D3 D2 Di Do 


}1 [0] 0] 0] 0/0} 0} 0} 


D7 Dg Ds Dg D3 Dz Di Do 


LT }Oj;o}ofofojoj i 
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M5L8255AP-5 
PA PCy) PCi1) PB 






M5L8255AP-5 
PA PCy) PCL) PB 




















4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 
















D7 Dg Ds D4 D3 Dz Di Do 
fi ojofojo} of 1 0 
8 }DB7~DBo 


M5L8255AP-5 
PA PCy) PCi.) PB 


D7 Dg Ds D4 D3 Dz D; Do 


Lipofofojojojity 






M5L8255AP-5 
PA PCiy) PCiL) PB 




















4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 





4 
PC7~PC, PB7~PBo 
PA7~™PAo PC3~PCo 




















D7 Ds Ds Dg D3 Dz Di Do 


[11 0f0 {0} 1) 010) 0) 


D7 Dg Ds Dg D3 Dz Di Do 


Lifofolojijojoly 






M5L8255AP-5 
PA PCiy) PCiL) PB 


M5L8255AP-5 
PA PCy) PC.) PB 


4 $8 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


D7 Dg Ds Ds D3 D2 Di Do 


Tfofopofi joj 

























4 
PC7~PC, PB7~PBo 
PA7z~™PAo PC3~PCo 


D7 De Ds Dg D3 D2 D; Do 


Li fo} oj oli} oj ijo| 









M5L8255AP-5 
PA PCy) PCL) PB 


M5L8255AP-5 
PA PCiy) PC) PB 
















4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


D7 De Ds Dg D3 Dz Di Do 


Lifofol i jofojolt 





4 
PC7~PC, PB7~PBo 
PA7~ PA PC3~PCo 









D7 Dg Ds D4 D3 Dz Di Do 





M5L8255AP-5 
PA PCiy) PCL) PB 


4 {8 
PB7~PBo 
PA7~ PAo PC3~ PCo 






M5L8255AP-5 
PA PCiy) PC.) PB 



























4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 









D7 Dg Ds D4 D3 D2 Di Do 
[1] 0} 0} 1/0} of 1] 0) 


8 }DB7~ DBo 


D7 Dg Ds D4 D3 Do Dy Do 


i Popoj opoji ys 












M5L8255AP-5 
PA PCiyu. PCL PB 


M5L8255AP-5 
PA PCiy) PC.) PB 

















4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 


D7 Dg Ds Ds D3 Dz Di Do 


iPopop iyi} ojo} t 





4 
PC7~PC, PB7~PBo 
PA7~PAo PC3~PCo 














D7 Dg Ds Da D3 Dz Di Do 


ifojoj ififojojo. 


M5L8255AP-5 
PA PCy) PCir) PB 









M5L8255AP-5 
PA PCiy) PCr.) PB 















4 
PC7~PC, PB7~PBo 
PA7~ PAo PC3~ PCo 





8 4 
PC7~PC, PB7~PBo 
PA7z~ PAo PC3~PCo 












D7 Dg Ds D4 D3 D2 Di Do 


Pi fojop iyi oli} ol 


D7 Dg Ds Da D3 D2 Di Do 


popop opi 
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2. Mode 1 (Strobed Input/Output) 

This function can be set in both group A and B. Both groups 
are composed of one 8-bit data port and one 4-bit control 
data port. The 8-bit port can be used as an input port or an 
output port. The 4-bit port is used for control and status sig- 
nals affecting the 8-bit data port. The following shows opera- 
tions in mode 1 for using input ports. 

STB (Strobe Input) 

A low-level on this input latches the output data from the ter- 
minal units into the input register of the port. In short, this is 
a clock for data latching. The data from the terminal units 
can be latched by the PPI independent of the contro! signal 
from the CPU. This data is not sent to the data bus until the 
instruction IN is executed. 

IBF (Input Buffer Full Flag Output) 

A high-level on this output indicates that the data from the 
terminal units has been latched into the input register. IBF is 
set to high-level by the falling edge of the STB input, and is 
reset to low-level by the rising edge of the RD input. 

INTR (Interrupt Request Output) 

This can be used to interrupt the CPU when an input device 
is requesting service. When INTE (interrupt enable flag) of 
the PPI is high-level, INTR is set to high-level by the rising 
edge of the STB input and is réset to low-level by the falling 
edge of RD input. 

INTE, of group A is controlled by bit setting of PC,. INTE, of 
group B is controlled by bit setting of PCz. 

Mode 1 input state is shown in Fig. 3, and the timing diagram 
is shown in Fig. 4. 


MODE 1 (PORT A) 


MODE 1 (PORT B) 


CONTROL WORD 
D7 De Ds Da D3 De D; Do 


CONTROL WORD 
D7 Dg Ds Da D3 De Di Do 


Lil x[ xi xp xiii] x) 


Fig. 3 An example of mode 1 input state 





Note 1 


When INTE is low-level INTR is always low-level 





Fig. 4 Timing diagram 


The following shows operations using mode 1 for output 
ports. 

OBF (Output Buffer Full Flag Output) 

This is reset to low-level by the rising edge of the WR signal 
and is set to high-level by the falling edge of the ACK 
(acknowledge input). In essence, the PPI indicates to the 
terminal units by the OBF signal that the CPU has sent data 
to the port. 

ACK (Acknowledge Input) 

Receiving this signal from a terminal unit can indicate to the 
PPI that the terminal unit has accepted data from a port. 
INTR (Interrupt Request) 

When a peripheral unit is accepting data from the CPU, set- 
ing INTR to high-level can be used to interrupt the CPU. 
When INTE (interrupt enable flag) is high-level and OBF is 
set to high-level by the rising edge of an ACK signal, then 
INTR will also be set to high-level by the rising edge of the 
ACK signal. Also, INTR is reset to low-level by the falling 
edge of the WR signal when the PPI has been receiving 
data from the CPU. 

INTE, of group A is controlled by bit setting of PCs. INTE, of 
group B is controlled by bit setting of PCz. 

Mode 1 output state is shown in Fig. 5, and the timing dia- 
gram is shown in Fig. 6. 

Combinations for using port A and port B as input or output 
in mode 1 are shown in Fig. 7 and Fig. 8. 
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MODE 1 (PORT A) MODE 1 (PORT B) 
8 
PA7~PApo 


CONTROL WORD CONTROL WORD 
D7 De Ds D4 D3 De Di Do D7 Ds Ds Ds D3 Do D; Do 


Lt] 0} sf o fio x | x] x! Ux] xix] xfs folx 


PCy, PCs 


1 =INPUT 
0 =OUTPUT Note 2. When INTE is low-level. then the output of INTR is 
aways low-level 





Fig. 5 An example of mode 1 output state Fig. 6 Timing diagram 


WR 


PORT A (STROBED INPUT) 
PORT B (STROBED OUTPUT) 


PORT A (STROBED OUTPUT) 
PORT B (STROBED INPUT) 


CONTROL WORD 
D7 De Ds D4 D3 D2 Di Do 


CONTROL WORD 
Dz De Ds Da D3 Do Di Do 








1 =INPUT 1=INPUT 
0 =OUTPUT 0= OUTPUT 
Fig. 7 Mode 1 port A and port B I/O example Fig. 8 Mode 1 port A and port B I/O example 
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3. Mode 2 (Strobed Bidirectional Bus Input/ 
Output) 


Mode 2 can provide bidirectional operations, using one 8-bit 


bus for communicating with terminal units. Mode 2 is only 


valid with group A and uses one 8-bit bidirectional bus port 
(port A) and a 5-bit control port (high-order 5 bits of port C). 
The bus port (port A) has two internal registers, one for in- 
put and the other for output. On the other hand, the control 
port (port C) is used for communicating control signals and 
bus-status signals. These control signals are similar to mode 
1 and can also be used to control interruption of the CPU. 
When group A is programmed as mode 2, group B can be 
programmed independently as mode 0 or mode 1. When 
group A is in mode 2, the following 5 control signals can be 
used. 

OBF (Output Buffer Full Flag Output) 

The OBF output will go low-level to indicate that the CPU 
has sent data to the internal register of port A. This signal 
lets the terminal units know that the data is ready for transfer 
from the CPU. When this occurs, port A remains in the float- 
ing (high-impedance) state. 

ACK (Acknowledge Input) 

A low-level ACK input will cause the data of the internal reg- 
ister to be transferred to port A. For a high-level ACK input, 
the output buffer will be in the floating (high-impedance) 
state. 

STB (Strobe Input) 

When the STB input is low-level, the data from terminal units 
will be held in the internal register, and the data will be sent 
to the system data bus with an RD signal to the PPI. 

IBF (Input Buffer Full Flag Output) 

When data from terminal units is held on the internal regis- 
ter, IBF will be high-level. 

INTR (Interrupt Request Output) 

This output is used to interrupt the CPU and its operations 
the same as in mode 1. There are two interrupt enable flags 
that correspond to INTE, for mode 1 output and mode 1 
input. 
INTE, 





is used in generating INTR signals in combination 
with OBF and ACK. INTE; is controlled by bit set- 
ting of PCe. 

INTE2 is used in generating INTR signals in combination 
with IBF and STB. INTE2 is controlled by bit set- 
ting of PCy. 

Fig. 9 shows the timing diagram of mode 2, and Fig. 10 is an 

example of mode 2 operation. 








DATA FROM DATA FROM 
TERMINAL UNIT CPU 


PORT A 


Note 3. INTR=IBF * MASK: STB: RD + OBF - MASK: ACK: WR 


Fig. 9 Mode 2 timing diagram 


I/O IBF, STB, ACK, OBF, I/O INTRa 


CONTROL WORD. 


D7 Ds Ds D4 D3 Dz Di Do 
Lt Lt | x] x] x fof /afi 70 


PC2~PCo 
1 =INPUT 
0 =OUTPUT 


PORT B 
1 =INPUT 
0 =OUTPUT 


GROUP B MODE 
0 =MODE 0 
1 =MODE 1 


Fig. 10 An example of mode 2 operation 
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4. Control Signal Read Table 2 Read-out control signals 


In mode 1 or mode 2 when using port C as a control port, by 


CPU execution of an IN instruction, each control signal and 
Oo | IBF, |INTE,|INTRAIINTEs| IBFe |INTRe 





bus status from port C can be read. 

5. Control Word Tables 

Control word formats and operation details for mode 0, mode 
1, mode 2 and set/reset control of port C are given in Tables 
3, 4, 5 and 6, respectively. 








Table 3 Mode O control words 


0 0 0 0 0 0 0 


ee ee ee ee) 
oO1;o!1|o;o;o 


ao7;o;oloa;o!;o|o 


— oe |} 
O;/O;OPOPo;oO;sol;lo;oal;roas;~o;~o;o;o 


— 

o;oO 

—s fom poe i ef OLTOlLOl!lLol!o;oj;oa 
apm fTmrPePrTo;OoOroroymtm im emer TOT oy lO 
oO;jro; i olhro;o;o;oy oI Io; oa; JoI;o;o;o!]o 
=loa|lolo|=|-=lolo!l-|=-|olo|—-|-|o 
—l|al—=l|ololjol=aloj—H-lolj-jol-lo|—- 


> } 
o>) 
oO 
ah 


Note 


OUT indicates output port, and IN indicates input port 


Table 4 Mode 1 control words 









Control words 











Group A Group B 


De Ds D4 D3 Do Di Do Port A Port B 
A4 
A6 et 
1 0 1 0 0 1 71 =X Ay OUT OBFa ACK, OUT INTRa STBe IBF, INTRe 
AC eae _ 
10 71 0 1 1 0 X AD OUT OBF, ACK, INTR~ ACKes OBFs INTR, OUT 
AE a Ft 
10 1 0 1 1 71 X Me OUT OBFa, ACKa INTR~ STBe IBFp INTR, 
B4 aes eee naee creas 
10 1 171 0 1 0 X B5 OUT IBF, STBa INTR, ACKs OBFa INTRs OUT 
BC Beene Baers ecraeeaae 
10 7 1 1 71 0 X BD IBF, STBa INTRa, ACKs OBFg INTRs OUT 


Note 5 : Mode of group A and group B can be programmed independently 
6 : It is not necessary for both group A and group B to be in mode 1. 
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Table 5 Mode 2 control words 










Control words Group B 


[co | BARRIS | OBF; | ACK | 6Fa | STB [INTRA| OU 
OU 
rINTR a 
C4 
6 








@ 
ro} 
c 
se) 
> 
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x |X| K|K | KX 
—|-|o;/o;/o/o 
: 
g 
4 
+ 











QO 


B 
Cc 
aa 











oh | eek 
hk | ed 
Q 


fn | 











C7 
i oe OBF, 
STB, | INTRa IBFo | INTRs | IN 
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—_—t | et 


xi RK | KK) KX 
Mx |x| K | KK] XK 
xXx) x) A;O;Al|oO 
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O 
x 
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a 
> 
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BY) 
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Ww 


[o) 
— 


—|}-/0/o0/—-/|—-|lolo/=]|=—|[o0lo}/—|—|o]/o 





| 
(om) 
8 


oO;o 


INTEg set/reset for mode 1 input 


INTEg set/reset for mode 1 output 


INTE, set/reset for mode 1 input 
INTE2 set/reset for mode 2 


INTE, set/reset for mode 1 output 





ro) 

KM |X| RK] K | KK] xX 
ro) ro) 
a oO 





= 
~ 9 





oO;o oO 
a yop es st sp er ET rT OP Oy oy Oy OyTlOoOyOo]LcO 





vU 
Le) 


INTE; set/reset for mode 2 


7: The terminais of port C should be programmed for the output mode, before the bit set/reset operation is executed. 
8 : Also used for controlling the interrupt enabie flag(INTE). 
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ABSOLUTE MAXIMUM RATINGS 


Input voltage 
[Pa [Powerdissipstion —SSSCSC~* 


Operating free-air temperature range 
Storage temperature range 













With respect to Vss 

















Supply voltage (GND) 






ELECTRICAL CHARACTERISTICS (Ta=—20~75CT, Voc=5VE5%, Vss=0V, unless otherwise noted) 


Symbol Parameter Test conditions 


High-level input voltage 


Low-level input voltage #205 


a a 


a 
aoe 
High-level output current (Note10) [Vow="5v,Rexr=7500 | mt || a | mA 
er 
oe! 
a 
espace ad 
ae 















‘Suppiy curenttromVeo—SCi‘“‘“SCSCS*dSOSSCSCSC‘“‘(‘CNNSCNONCSCSCSC“‘“‘NC 
High-level input cure ———SSSSCS~ideg 
[Low-level input eurent——=SSCSCS~=~“~*~‘irROVSSSSSSCSCSCS~C~S~— 
Tortstate output curent——SSCS~S~S~d Oe 
‘input terminal capacitance ——SSS~*~S*S~*~a ng FT, VW TQS 

[Wioi=Ves, FIM, Gnivis Ta=zso | 





Input/output terminal capacitance 





Note 9° Current flowing into an IC is positive. out is negative 
10 ‘It is valid only for any 8 input/output pins of PB and PC. 


TIMING REQUIREMENTS (Ta=—20~75T, Vec=5VE5%, Vss=O0V, unless otherwise noted) 


Symbol Prameter Test conditions Unit 
sm fam | Min_| Typ um 


Peripheral setup time before read | 0 | 

thcr-pe) | Peripheral hold time after read | 0 
Address setup time before read | 0 | 
Write pulse width 






















W 
oOo 
oO 


fo) 
oO 


thcr-a) Address hold time after read 
Data setup time before write 


Data hold time after write 
Acknowledge pulse width 
Strobe pulse width 


th(stTB-PE) 
toc rw) 


O1 | 
Oioin W 
O;O;O Oo 


Peripheral setup time before strobe 
















— 
© 
Oo 


Peripheral hold time after strobe 








ee) 
2) 
jo) 


Read/write cycle time 
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SWITCHING CHARACTERISTICS (Ta=—20~75T, Vec=5VE5%, Vss=O0V, unless otherwise noted) 


Symbol Parameter 


Propagation time from read to data output 


Propagation time from read to data floating (Notel1) 


teHL(w-PE) 
















Limits 






Test conditions 





Typ 
200 











Propagation time from write to output 






tpLH(w-PE) 


Propagation time from strobe to interrupt 

Propagation time from read to interrupt C.=150pF 
Propagation time from read to IBF flag 

Propagation time from write to interrupt 

Propagation time from write to OBF flag 

Propagation time from acknowledge to OBF flag 


Note 11: Test conditions are not applied 








Ww | Ww 
o;oO 
O;1o 





WwW Ww 
fo) on 
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oe] 
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jo) 
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N 
o1 
Oo 








12: A.C Testing waveform 24 
Input pulse level 0. 45~2. 4V ° 
Input pulse rise time 20ns 0.8 0.8 
Input pulse fall time 20ns 0. 45 
Reference level input Vin=2V, Vii=0. 8V 
outp ut Von=2V, Vo_=0. 8V 
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TIMING DIAGRAM 


Data Bus Read Operation 


CS, Ao, At 


Do~ D7 


Data Bus Write Operation 


Do~ D7 


Mode0 Port Input 


PORT INPUT 


Mode0, 1 Port Output 


PORT OUTPUT 





twir) 


tsu(a-R) th(r-a) 


<x 3 
- _ » 


twiw) 


tsu(a-w) th(w-a) 


a 
ee 


tsu(pa-w) th(w-pa) 







tsu(PE-R) 


twiw) 


teHL(W-PE) 
tpLH(W-PE) 
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Mode1 Strobed Input 





tw(stB) 
STB 
teLH(sTB-1BF) 
IBF 
RD 
tpLH(sTB-INTR) 
INTR 
th(stB-PE) 
tsu(PE-stB) 


aa rae ie 
SS {// 


Mode1 Strobed Output 


twiw) 





WR 
tpLH(ACK-OBF) 

OBF 
ACK 
INTR 

teHL(w-PE) 

tpLH(w-PE) 

PORT OUTPUT 4 
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Mode2 Bidirectional 





tpHL(w-oBF) 





Oo 
® 
n 


tpLH(ACK-OBF) f 
- laa 
eo 
_ 4 


_~ 
~~, 


q 


tw(stB) 


tpLH(sTB-IBF) 


IBF 
teHL(R-IBF) 
RD 


t Z 
tsu(PE-stB) PVZ(ACK-PE) 


fe oe ee eee 
PORT A Me, CDS //f y\\ 
tf ye 


Note 13. INTR=IBF: MASK~ STB- RD + OBF: MASK: ACK: WR 
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CIRCUIT EXAMPLES FOR APPLICATIONS 
1. Mode 0 


An example of a circuit for an application using mode 0 is 


shown in Fig. 11. 


j 
PC, 


PPI Ao, Ai 
M5L8255AP-5 





ADDRESS 


DECODER 
CPU 
M5L8085AP 
M74LS373P 


oe 


Fig. 11 Circuit example for an application using mode 0. 


In this example, the PPI is in mode 0, and the control word 
should be 10010000 (90i.) 

MVI A, 904 

OUT 034 
The PPI will be initialized by executing the above two in- 
structions. 
Then, for example, to read data from port A and to output 
data to port B and C, the following three instructions can be 
used. 

IN 00+ CPU A register « Port A 

OUT 014 Port B<« A register 

_-OUT 024 Port C «A register 

After setting the mode, each port operates as a normal port. 
After setting the mode, as shown in Fig. 11, to read data 
from port A, to output to port B, and to set the first bit of port 
C= 1, the following four instructions can be used. 


IN 00+ CPU A register « Port A 
OUT 014 Port B « A register 
MVI A, 014 Bit-setting control word for PCo 
OUT 034 Outputting to control address 
(CS = “L”, Ay = Ao = 1) 
The other bits of port C, in this case, are not affected. 
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2. Mode 1 
An example of a circuit for an application using mode 1 is 
shown in Fig. 12. 


FROM ADDRESS A; 


DATA STROBE 
SIGNAL PC, 


STB 
i PC: 


IBF a 


TO DATA 
BUS 
INTR, [PSs 


PBo~PB7 


CPU 
TO RST7.5 
(INTERRUPT INPUT) 





Fig. 12 A circuit for an application using mode 1 


Transferring data from a terminal unit to port A and sending 
a strobe signal to PC, will hold the data in the internal latch 
of the PPI, and PC; (IBF input buffer full flag) is set to high- 
level. If a bit-set of PC, has been executed in advance, the 
CPU can be interrupted by the INTR signal of PC3 when the 
input data is latched in the PPI. In this way, port A becomes 
an interrupting port; and at the same time, port B can select 
its mode independently. 


The actual program for the circuit of Fig. 12 is as follows: 


MVI A, BO# Control word is 10110000, port A is 
the mode 1 input and the others are 
output 

OUT 03+ Outputting to the control address 

MVI A,09#  PC,bit-set 00001001 

OUT 03+ Outputting to the control address 

El Interrupt enable 

HLT Halt 


If the data has been set in a terminal unit, and the strobe 
signal has been input, then the data will be latched in port A 
and the CPU RST/7.5 goes high-level. In the case of Fig. 11, 
a jump to 003Ci¢ is executed to continue the program as fol- 
lows: 


003C,, IN 00+ CPU register A+ PortA 
PC3 interrupt signal becomes low-level 
El 
RET 
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3. Mode 2 

An example of a circuit for an application using mode 2 is 

shown in Fig. 13. 

In Fig. 13, the data bus of the slave system is connected 

with the corresponding PPI A bit of the master station. The 

input port consists of a three-state buffer and gate B which 
allow the slave CPU to read flag outputs (IBF, OBF) of the 

PPI as data. 

When the following instruction is executed in this example, 

the action is as described: 

IN 014 (reading in from 011. input port) 

The data which is made up of the least significant bit (Do), 

the OBF (output buffer full flag output) and the next least 

significant bit (D;), the IBF (input buffer full flag output) will 
be read into the slave CPU. 

When the following instruction is executed, the action is as 

described: 

IN 00+# (reading in from 00;¢ input port) 

ACK (PCz) of the PPI becomes low-level by gate C, and the 

contents of the port A output latch will be read into the slave 

CPU. 

When the following instruction is executed, the action is as 

described: 

OUT 004 (writing out to 00;¢ output port) 

STB (PC,) of the PPI becomes low-level by gate D, then the 

contents of the slave CPU register A will be written into the 

port A input latch of the PPI. 

Actual operations are as follows: 

1. PPI is set in mode 2 by the master CPU (03 address). 

2. The master CPU writes the data, which is transferred to 
the slave CPU, into port A of the PPI (in turn, OBF be- 
comes low-level). 

3. The slave CPU continues to read the state of flags (OBF 
and IBF) as data while OBF is high-level (i.e. no data 
from the master CPU). 


PP] MODE SET ADDRESS 


10/M 


MASTER 
CPU 


MASTER SYSTEM INT INPUT 


Fig. 13 A circuit for an application using mode 2 


4. When the slave CPU senses that OBF has become low- 
level, the slave CPU starts to read the data from 00. 
(Which is the input address for the preceding data) 
which is in the output latch of port A (in turn, OBF returns 
to high-level). 

5. During this period, the master CPU reads the status flags 
(reading in from 02 of port C) and checks the states of 
both the bit 7 (OBF) and bit 5 (IBF). If OBF is low-level, 
it indicates that the slave CPU has not yet received the 
data; so the maser does not write new data. If OBF is 
high-level, the master CPU writes the next data. 

6. When data is to be transferred to the master CPU, the 
contents of the slave CPU A register will be transmited to 
the port input latch of the PP! The slave CPU transfers 
the data to address 00, (in turn, the IBF becomes high- 
level). 

7. The master CPU transfers data to port C and then checks 
the status flag. If the input latch contains data from the 
slave CPU, which ts indicated by IBF having a high-level 
output, the data is read from port (00;¢) (in turn, the IBF 
returns to low-level). 

8. The slave CPU reads the status flag from 011. to deter- 
mine if IBF has returned to low-level If it has not, new 
data will not be written as long as IBF is high-level. 

9. In this way, data can be exchanged. Since there are two 
sets of independent registers, input latch and output 
latch, used by port A of the PPI, it is not necessary to 
alternate input/output transfers. 


A program which has operating functions as described 
above, is explained as follows. 

The operation, in mode 2, for group A of the PPI 1s consi- 
dered here. 


SLAVE SYSTEM 
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1. Master CPU subroutine for transmitting data to the slave 2. Subroutine for receiving data from the slave CPU. 
CPU. 


Program example Program example 







MOUT PUSH PSW MIN IN 02+ 
FROM POR ANI 80+ FROM PORT C JZ MIN 
JZ OBF IN 00+ 
POP PSW RET 
NO 
OUT 00+ 
RET 


READ DATA FROM 
THE INPUT LATCH 
OF INPUT LATCH 
OF PORTA 


WRITE DATA INTO 
THE OUTPUT 
LATCH OF PORT A 





3. Slave CPU subroutine for transmitting data to the master 4, Subroutine for receiving data from the master CPU. 
CPU. 


Program example Program example 








SOUT PUSH PSW SIN IN 01+ 
IBF IN 01+ ANI 01+ 
READ STATUS READ STATUS 
ANI 02+ FROM PORT C JNZ SIN 
JNZ IBF IN 00+ 
POP PSW RET 
OUT 00+ 
RET 
WRITE DATA READ DATA OUT 
INTO ADDRESS FROM ADDRESS 
0016 0016 
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4. Address Decoding 

Address decoding with multiple PP! units is shown in Figs. 
14 and 15. These are functionally equal. 

The same address data is output to both the upper and low- 


er 8 bits address bus with the execution of IN or OUT in- 
struction by the CPU. 


M74LS373P 


CPU 
M5L8085AP 


M74LS138P 
TO PORT ADDRESS INPUTIE: 0 6 
Ao AND A; OF EACH PPI 1 7 ra 


ud mies 
TO THE CHIP SELECT INPUT CS OF 
EACH PPI 


Fig. 14 PPI address decoding (case 1) 





CPU 
MS5L8085AP 


ABC EE 
M74LS138P 


TO PORT ADDRESS INPUT 
Ag AND A; OF EACH PPI 


TO THE CHIP SELECT INPUT CS OF 
EACH PPI 





Fig. 15 PPI address decoding (case 2) 


5. PPI Initialization 
It is advisable to rest the PPI with a system initial reset and 
to select the mode at the beginning of a system program. 


The initial state of the PPI used as an output port is shown in 
Fig. 16. 


{ 


POWER 


OV 


RESET 
SIGNAL 


SELECTING MODE AT THE 
OUTPUT PORT OUTPUT =1 


PORT UNSTABLE 
FLOATING 


(INPUT MODE) 





Fig. 16 PPI initialization 


Note 14. Period of reset pulse must be at least 50s during or af- 


ter power on. Subsequent reset pulse can be 500ns 
minimum. 
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DESCRIPTION 

The M5L8257P-5 is a programmable 4-channel direct mem- 
ory access (DMA) controller. It is produced using the N- 
channel silicon-gate ED-MOS process and is specifically 
designed to simplify data transfer at high speeds for micro- 
computer systems 

The LSI operates on a single 5V power supply. 


FEATURES 

Single 5V supply voltage 

TTL compatible interface 

Priority DMA request logic 
Channel-masking function 

Terminal count and Modulo 128 outputs 
4-channel DMA controller 

Compatible with MELPS85 devices 


APPLICATION 
DMA control of peripheral equipment such as floppy disks 
and CRT terminals that require high-speed data transfer. 


FUNCTION 

The M5L8257P-5 controller is used in combination with the 
M5L8212P 8-bit input/output port in 8-bit microcomputer sys- 
tems. It consists of a channel section to acknowledge DMA 
requests, control logic to exchange commands and data with 
the CPU, read/write logic, and registers to hold transfer 
addresses and count the number of bytes to be transferred. 
When a DMA request is made to an unmasked channel from 
the peripherals after setting of the transfer mode, transfer- 
start address and the number of transferred bytes for the 
registers, the M5L8257P-5 issues a priority request for the 
use of the bus to the CPU. On receiving an HLDA signal 


BLOCK DIAGRAM 
(5V) Vcc 6D 


(OV) Vss 20 


DATA BUS 


D.0<—_—> 
DATA INPUTS/OUTPUTS Ds¢}<——> BUFFER 


I/O READ INPUT/OUTPUT 
1/O WRITE INPUT/OUTPUT 


CLOCK INPUT 
RESET INPUT RESETG READ/WRITE 
Mo® LOGIC 


ADDRESS INPUTS/OUTPUTS 


po Samael 


meee) 
CHIP SELECT INPUT GS() 


As S)<—— 
ADDRESS OUTPUTS —— Sat 


Az a 
READY ©) 


READY INPUT 

HOLD REQUEST OUTPUT 
HOLD ACKNOWLEDGE INPUT 
MEMORY READ OUTPUT 
MEMORY WRITE OUTPUT 


ADDRESS ENABLE OUTPUT 
ADDRESS STROBE OUTPUT 


PIN CONFIGURATION (TOP VIEW): 


ADDRESS 
OUTPUTS 
4~7 
MEMORY WRITE sem -_ 
ouTPpuT MEMW TERMINAL 
MARK OUTPUT MARK +— COUNT 


OUTPUT 
READY INPUT READY —}] 6| 


ADDRESS 
OEE LAS NRT HLDA — INPUTS/ 


sronoee BURY ADT an ea 

ANSRSRESIEST ano (rg 
OUTPUT 

ont SHRBGE oS LT 

CLOCK INPUT CLK —[12) 

RESET INPUT RESET —[13} 

AeeNOWLEDGR, oe 

OUTPUTS 2.31 DACK —[15 

| DRQ3 —116] 

Request | ORS Hd 

- INPUTSO~3 | DRQ, —[I8} 


G-dZSc8 1SW 


Outline 40P4 





from the CPU, it sends a DMA acknowledge signal to the 
channel with the highest priority, starting DMA operation. 
During DMA operation, the contents of the high-order 8 bits 
of the transfer memory address are transmitted to the 
M5L8212P address-latch device through pins Do ~ Dy. The 
contents of the low-order 8 bits are transmitted through pins 
Ao ~ A7. After address transmission, DMA transfer can be 
started by dispatching read and write signals to the memor- 
ies and peripherals. | 


CH-O DMA REQUEST 
16-BIT ADDRESS j 
—_—— REGISTER I @)DACKe DMA ACKNOWLEDGE 
a eae ee TS eae (8) DRQ; 
Bir NOBRESS 
|] REGISTER 


DMA REQUEST 
NPUT CH-1 
DMA ACKNOWLEDGE 


@)DACK: urPUT cH. 


h DRQ2 
i DACK2 


DMA REQUEST 
INPUT CH-2 
DMA ACKNOWLEDGE 
OUTPUT CH-2 


CH-2 
|, | | | it 16-BiT ADDRESS 
| | sOREGISTER 


| = 


—} 16-BIT O BonESS 
REGISTER Loa 


te ea 
NPUT CH-3 

DMA ACKNOWLEDGE 

OUTPUT CH-3 


(16) DRQ3 
(5 DACK3 K3 


TERMINAL COUNT 
UTPUT 

MARK QUTPUT 

RESOLVER 


fae PRIORITY 
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OPERATION 

VO Read Input/Output (/OR) 

When the M5L8257P-5 is in slave-mode operation, this 
threestate, bidirectional pin serves for inputting and reads 
the upper/lower bytes of the 8-bit status register or 16-bit 
DMA address register and the high/low order bytes of the 
terminal counter. 

In the master mode, the pin gives control output and is used 
to obtain data from a peripheral equipment during the DMA 
write cycle. 

VO Write Input/Output (I/OW) 

This pin is also of the three-state bidirectional type. When 
the M5L8257P-5 is in slave-mode operation, it serves for in- 
putting and loads the contents of the data bus on the 8-bit 
status register and the upper/lower bytes of the 16-bit ter- 
minal counter or 16-bit DMA address register. 

Memory Read Output (MEMR) 

This active-low three-state output is used to read data from 
the addressed memory location during DMA read cycles. 
Memory Write Output (MEMW) 

This active-low three-state output is used to write data into 
the addressed memory location during DMA write cycles. 
Mark Output (MARK) 

This signal notifies that the DMA transfer cycle for each 
channel is the 128th cycle since the previous MARK output. 
Ready Input (READY) 

This asynchronous input is used to extend the memory read 
and write cycles in the M5L8257P-5 with wait states if the 
selected memory requires longer access time. 

Hold Acknowledge Input (HLDA) 

This input from the CPU indicates that the system bus is 
controlled by the M5L8257P-5. 

Address Strobe Output (ADSTB) 

This output strobes the most significant byte of the memory 
address into the M5L8212P (8-bit input/output port) through 
the data bus. 

Address Enable Output (AEN) 

This signal is used to disable the system data bus and sys- 
tem control bus by means of the bus enable pin on the sys- 
tem controller. It may also be used to inhibit non-DMA de- 
vices from responding during DMA cycles. 








Hold Request Output (HRQ) 

This output requests control of the system bus. HRQ will nor- 
mally be applied to the HOLD input on the CPU. 
Chip-Select Input (CS) 

This pin is active on a low-level. It enable the I/OR and |/ 
OW signals output from the CPU, when the M5L8257P-5 is in 
slave-mode operation. 

In the master mode, it is disabled to prevent the chip from 
selecting itself while performing the DMA function. 

Clock Input (CLK) 

This pin generates internal timing for the M5L8257P-5 and is 
connected to the #(TTL) output of the system clock. 

Reset Input (RESET) 

This asynchronous input clears some registers and control 
lines inside the M5L8257P-5. 

DMA Acknowledge Outputs (DACKO~DACK3) 

These active-low outputs indicate that the peripheral equip- 
ment connected to the channel in question can execute the 
DMA cycle. 

DMA Request Inputs (DRQO0~DRQ3) 

These independent, asynchronous channel-request inputs 
are used to secure use of the DMA cycle for the peripherals. 
Data-Bus Buffer 

This three-state, bidirectional, 8-bit buffer interfaces the 
M5L8257P-5 to the CPU for data transfer. During a DMA cy- 
cle the upper 8 bits of the DMA address are output to the 
M5L8212P latch device through this buffer. 

Address Inputs/Outputs (Ap~As3) 

The four bits of these input/output pins are bidirectional. 
When the M5L8257P-5 is in slave-mode operation, serve to 
input and address the internal registers. In the case of mas- 
ter operation, they output the low-order 4 bits of the 16-bit 
memory address. 

Terminal Count Output (TC) 

When the terminal count registers became (3FFF)H, termin- 
al count signal is out. And this signal notifies that the present 
DMA cycle is the last cycle for this data block. 

Address Inputs/Outputs (A,~A7) 

These four address lines are three-state outputs which con- 
stitute bits 4 through 7 of the memory address generated by 
the M5L8257P-5 during all DMA cycles. 
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Register Initialization 

Two 16-bit registers are provided for each of the 4 channels. 
DMA Address register 

15 0 
Ais Ai4 Aiz3 Ai2 Ai1 Aio Ag Ag Az Ag As Ag Az Az Ai Ao 





DMA TRANSFER STARTING ADDRESS 


Terminal count register | 
15 1413 0 


IRd Wr|Ci3 Ci2 C11 Cin Cg Cg C7 Ce C5 Ca C3 C2 Ci Co 
een ea rE eI UEmnee “sameeren mean cman panne eneanesn onnennneeeeneenenemnemneamnammmmmnmenmaamnatt 


DMA MODE ' NUMBER OF TRANSFERRED BYTES—1 

The DMA transfer starting address, number of transferred 
bytes, and DMA mode are written for each channel in 2 
steps using the 8-bit data bus. The lower-order and upper- 
order bytes are automatically indicated by the first-last flip- 
flop for the writing and reading in 2 continuous steps. 

The DMA mode (read, write, or verify) is indicated by the 
upper 2 bits of the terminal count register. The read mode 
refers to the operation of peripheral devices reading data 
out of memory. The write mode refers to data from peripher- 
al devices being written into memory. The verify mode 
sends neither the read nor the write signals and performs a 
date check at the peripheral device. 

In addition to the above-mentioned registers, there is a 
mode set register and a status register. 


Mode set register (write only) 
7 , 0 


Tac [res | ew | AP | ens | ene | ent | ENO 


CHANNEL ENABLE BITS 





ADDED FUNCTION SETTING BITS 


Status Register (read only) 
7 0 


po fo | oo up | res | rez | tet | t00 | 


The upper-order 4 bits of the mode set register are used to 
select the added function, as described in 5-66. The lower- 
order 4 bits are mask bits for each channel. When set to 1, 
DMA requests are allowed. When the reset signal is input, 
all bits of the mode set and status registers are reset and 
DMA is inhibited for all channels. Therefore, to execute 
DMA operations, registers must first be initialized. An exam- 
ple of such an initialization is shown below. 





MODESET: 
MVi A, ADDL 
OUT 00+: Channel 0 lower-order address 
MVI A, ADDH 
OUT 004: Channel 0 upper-order address 
MVI A, TCL 
OUT 014: Channel 0 terminal count lower-order 
MVi A, TCH 
OUT 01+#: Channel 0 terminal count upper-order 
MVI A, XX 
OUT 08+: Mode set resister 


As can be seen from the above example, until the contents 
of the address register and terminal count register become 
valid, the enable bit of the mode set register must not be 
set. This prevents memory contents from being destroyed by 
improper DRQ signals from peripheral devices. 


DMA OPERATION DESCRIPTION 

When a DMA request signal is received at the DRQ pin from 
a peripheral device after register initialization for a channel 
that is not masked, the M5L8257P-5 outputs a hold request 
signal to the CPU to begin DMA operation (S;). 

The CPU, upon receipt of the HRQ signal, outputs the HLDA 
signal which reserves capture of the bus after it has ex- 
ecuted the present instruction to place this system in the 
hold state. 

When the M5L8257P-5 receives the HLDA signal, an internal 
priority determining circuit selects the channel with the high- 
est priority for the beginning of data transfer (So). 

Upon the next S; state, the address signal is sent. The low- 
er-order 8 bits and upper-order 8 bits are sent by means of 
the Ag~A7 and Do~ D7 pins respectively, latched into the 
M5L8212P and output at pins Ag~Aj5. Simultaneous with this, 
the AEN signal is output to prohibit the selection of a device 
not capable of DMA. 

In the S2 state, the read, extended write, and DACK signals 
are output and data transferred from memory or a peripheral 
device appears on the data bus. 

In the S3 state, the write signal required to write data from 
the bus is output. At this time if the remaining number of 
bytes to be transferred from the presently selected channel 
has reached 0, the terminal count (TC) signal is output. 
Simultaneously with this, after each 128-byte data transfer a 
mark signal is output as required. In addition, in this state 
the READY pin is sampled and, if low-level, the wait state 
(Sw) is entered. This is used to perform DMA with slow ac- 
cess memory devices. In the verify mode, READY input is 
ignored. 
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In the S4 state, the DRQ and HLDA pins are sampled atthe MEMORY MAPPED I/O 

end of a transferred byte as the address signal, control sig- When using memory mapped I/O, it is neccessary to change 
nals, and DACK signal are held to determine if transfer will the connections for the control signals. 

continue. 

As described above, transfer of 1 byte requires a minimum of 
4 states for execution. For example, if a 2MHz clock input is 
used, the maximum transfer rate is 500k byte/s. 





SYSTEM BUS M5L8257P-5 





Fig. 2 Memory mapped I/O 


Also, the read mode and write mode specifications for set- 
ting the mode of the terminal count are reversed. 


READY+ 
VERIFY 





Fig. 1 DMA Operation state transition diagram 
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INTERNAL REGISTERS OF THE M5L8257P-5 


Upper Lower | 


Dz De Ds D, D3 Deo D, Do Dz Deg Ds Ds, D3 De D, Do 




















DMA address 


channel-0 
Ra] wr Gv] oa] on] oo] Oo] co] Or] Go] Ge] ea] cs] C2] Gi] Ge] — terminal coun 
DMA address 
channel-1 
Ra] wr] Gu] oa] on] or] oo] co] or] Gs] Cs] ou] cs] C2] Gi] Ge] — terminal coun 
DMA address 
channel-2 
Ra] we [Gr oa] on] oe] oo] Co] Or] Co] Ge] ea] cs] Cx] Cr] Go] terminal coun 
Ps[awlanaelan[aol A] MWA [AA] A [AA] A] OMA adrose 
channel-3 





[Ra] Wr] C1 ]C12}Gn|Cr0} Gs | Cs] Gr | Ce | Os | Ca | Cs | Ge] Or | Co | 
| AL |TCS} EW | RP | EN3|EN2/ENI|ENO Mode setting (for write only) 
10 | 0 | 0 | up |tc3|tc2|Tc1|Tco Status (for read only) 





terminal count 





















Ao Ais : Address of the memories for which DMA will be carried out from now on In initialization, DMA start addresses must be written 
Com C33 : Terminal counts-in this IC (the number of remaining transfer bytes minus 1) The address is decremented for each DMA transfer of one 
byte, and when the transfer is finished, becomes ( 3 FFF) ,, If additional DRQ signals are input, the address continues to be decremented. 
Rd. Wr - Used for DMA-mode setting by the following convention: . 
; Mode to be set 
DMA verify 
DMA write 
DMA read 
Prohibition 
AL : Automatic load mode. When this bit has been set, contents of the channel 3 register are written, as are on the channel 2 register when 
channel 2 DMA transfer comes to an end This mode allows quick, automatic chaining operations without intervention of the software 
EW : Extended write signal mode When this bit has been set, write signals can be transmitted in advance to memories and peripheral equip- 
ment requiring long access time 
TCS : Terminal count stop When a DMA transfer process is complete, with terminal-count output, the channel-enable mask of that channel is re- 
set, prohibiting subsequent DMA cycles. 
RP : Rotating priority mode The setting of this mode allows the priority order to be rotated by each byte transfer. 
The setting priority is fixed with the channel 0 as highest, followed by channel 1 , 2 and 3 in descending order 
2 H-2 - H-0 -1 
ENO~EN3 : Channel-enable bit. This mask prohibits or allows the DMA request When the reset signal is applied, all channels are disabled. 
UP : Update flag. This is set when register contents are transferred in an automatic load mode from channel 3 to channel 2. 
TCO~TC3 *: Terminal-count status flags. At the time of terminal-count output, the flag corresponding to the channel is set 
The flag is, set by reading the status register, annd ts unaffected by the TCS bits 
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REGISTER ADDRESS 









Address input 





2 

3 

: 
channel 1 terminal count Low-order 

: 

1 


F/L : First/last flip-flop This is toggled when register-write or read operations for each channel are finished, and specifies whether the next write or 
read operaton is to be for the upper bytes or the lower bytes. This means that write and read operations for each register must be carried out 
for a set of lower and higher bytes. 


w 


> 





1 


1 
] 









ABSOLUTE MAXIMUM RATINGS 


Oo 











Input voltage 
Output voltage 
| Pq | Power dissipation (max ) 


With respect to Vss 










RECOMMENDED OPERATING CONDITIONS (ta=—20~75°, unless otherwise noted) 


Max 


__Min | Nom _| 
| Vss_ | Power-supply voltage (GND) | 
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ELECTRICAL CHARACTERISTICS (Ta=—20~75C, Vcc=5V+5%, unless otherwise noted) 


. Limits 
Parameter Test conditions T 
p 


< 


£ 


ig S < 
_ PRO ~ i@) 
Oo Oo Oo (9) 


High-level input voltage es 


Low-level input voltage 


Low-level output voltage lorL=1.6mA 


2.0 
5 


High-level output voltage for AB, DB and AEN lonp=—-150uA 
High-level output voltage for HRQ . 
= lon=—80uA 

High-level output voltage for others 2. 4 

Supply current from Vc See Sane ieeae erie (eee Cee 
Input current Vi=0V, Voc 
Off-state output current Vo=0V~Vec = 5 ee 
Input terminal capacitance Ta=25C, Vec=Vss a a 

Pins other than that under measurement are set 
Input/output terminal capacitance to OV, fo=1MHz Lead 








iS 
> 





pe) 
oO 
ToT 

Tn 


RI3 








ula ee Address or CS setup time before read ae | ons 


200 [| dP ds | 
fz | | | 1s 
ee ah mec 
20 ||| ns 
ee ee 
500 | 
ee 
ee 
a 
Clock pulse width high-level | 80 | | 0, 8ter g) 
DRQ setup time before clock 
DRQ hold time after HLDA 

HLDA setup time before clock 
Ready setup time before clock 
























tors) 





SLAVE MODE SWITCHING CHARACTERISTICS (Ta=—20~75, Vec=5V+5%, Vss=0V, unless otherwise noted) 


Symbol Parameter Test conditions Unit 
Min 


Output data enable time after read . | | 200 | 


Output data disable time after read aad 100 
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DMA MODE SWITCHING CHARACTERISTICS (Ta=—20~75C, Vec=5V+5%, Vss=O0V, unless otherwise noted) 


Limits 
Unit 


Test conditions 


Symbol Parameter 


Typ 





tpLH( ¢ —HRQ) 


—_ 
fe) 


Propagation time from clock to HRQ (Note! ) 0 


teHL( ¢ —HRQ) 


teLH(¢ —HRQ) 
tpHL( ¢ —HRQ) 


Propagation time from clock to HRQ (Note3) 250 


tpLH(¢—aeN) | Propagation time from clock to AEN (Note! ) 300 


De) 
(o) 
oO 


tepHi(¢—aen) | Propagation time from clock to AEN (Note!) 


tpzv(AEN—A) Propagation time from AEN to address active (Note4) 


N 


5 
150 
250 


oO 


tezvi ¢ —a) Propagation time from clock to address active (Note2) 


tpvz( ¢ —A) Propagation time from clock to address floating (Note2) 


tpLH(¢—a) | Address setup time after clock (Note2) 


teLH( ¢ — 


thc ¢—a) Address hold time after clock (Note2) 


thcR—a) Address hold time after read (Note4) 


2 

| nN 
oO rs) 
jo) 


thiw—a) Address hold time after write (Note4) 300 


tezvi ¢—pa) | Propagation time from clock to data active 300 


t “ 
tevz(¢—pa) | Propagation time from clock to data floating (Note2) nee 17 


tpHL(A—ASTB) Propagation time from address to address strobe (Note2) 


Oo 
oO 
5 
2) 


thcastB—a) Propagation time from address strobe to address hold (Note4) 


co) 


teLH( ¢ —AsTB) Propagation time from clock to address strobe (Notel ) 200 


> 
” 
= 
kd 
+ 
nO 
Oo 


tpHL( ¢ —ASTB) Propagation time from clock to address strobe (Note! ) 


ters) 


Address strobe pulse width (Note4) —100 


tw(astB) 


teHLCAs—R) Propagation time from address strobe to read or 


0 
tpHL(as—we) | extended write (Note4) 


~ 


Read or extended write hold time after data 
(Note4) 


thcpa—rR) 


Oo 


thcpa—we) 





teLH(¢—DAck) 





Propagation time from clock to DACK or TC/MARK 
(Notel, 5) 


NO 
ro) 


0 


tpHL($—TC/MARK) 






tpLH($—TC/MARK) 


—_ 
> 
() 









teHL( ¢ —R) 


Propagation time from clock to read, write or extended 
teHL( ¢ —w) 


write (Note2, 6) 200 





teHi( ¢ —we) 





teLH( ¢—R) Propagation time from clock to read or write 


200 
teLH(¢—w) | (Note2, 7) 


tpzv( #¢—R) Propagation time from clock to read active or write 300 
tpzvi¢—w) | active (Note2) 

tpvz( ¢ —R) Propagation time from clock to read floating or 150 
tpvz(¢—w) | write floating (Note2) 


2t 
twir) Read pulse width (Note4) cs) t 


a 
= 
oo 

| 
oO 
Oo 


toc s) 


twow) Write pulse width (Note4) 


2to(s) 


tw(we) Extended write pulse width (Note4) 


b 
© 


| 
ol 
oO 





Note 1 : Load=1TTL Note 5: A tptu( ¢ —pack) <50ns, A teu ¢ —tTcvmark) <50ns, A tpiu( ¢ —Tc/mark) <50ns 
Bie Load=1TTL+50pF 6.5 A tput(¢ —R) <50ns, A teuc( ¢ —w) <50ns, A tene( ¢ —we)<50ns 
3: Load=1TTL+(R,=3. 3k), 7: Atprycg—a)<50ns, Atprnc s —w) <50ns 
Von=3. 3V 8 : A.C Testing waveform 9.4 

4 : Tracking specification Input pulse level 0. 45~2. 4V ; 2 
Input pulse rise time 20ns 0. 45 0.8 0.8 
Input pulse fall time 20ns 
Reference level input Vin=2V, Vit=0. 8V 

output Von=2V, VoL~=0. 8V 
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TIMING DIAGRAMS 
DMA Mode 


s, | Si 


CLK 
ee Bi 
pipet ae oS 


iemcemnorepe TTT TT ae 


HRQ | 


tsu(HLDA—¢) 


HLDA a \ / 
teLH(d—AEN) tpHL(d—AEN) 
AEN 
tpzv( da) pea tevz( g—A) 
Ao~Az7 


tpLH( ¢—a) 
e145 (__T 
(LOWER ADDRESS) 
= = Sc ess 
—/ 
tpLH(¢—ASTB) tpHL(¢-AsTB) 


(UPPER ADDRESS) 
! ADSTB 
| teHL(¢—DACK) 
a or var" / 
3 
tpzv(¢—R) ae ae = teLH(d—R) 


MEMR/TOR Y e/ eet ay 
t 
teHL( rR) a Pe (d—R 


th(HLDA—oRQ) 








tpHL(A—ASTB) 








teLH(¢—DACK) 
teHL(AsTB—R) 


tpHL(ASTB—WE) 

















MEMw/i7OW Ly ‘ a SS 


tsu(Rpy—¢) je-re-a| thi s_RDY) 


READY i 


teLH( d—TC/MARK) teHL( ¢—TC/MARK) 


Slave Mode 
Read Write tsu(cs—w) 


th(w—cs) 


nhs ae 
sum ft thiw=a) 


Do~D; hen ae 
tsu(p@—w) wane thiw—pa) 








1/OW 
tw(rsT) = 
t —W) 
RESET Su(RST—W 
tsu(vec—RST) 
Voc 
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bie Beet Se. oh ey Oe, te Wage ae avata ls |s ls 


CLK 


che DROQ—¢) 


HRQ 
nee oe ¢) tsu(HLDA—¢) 
= a “ 
— | - 


cs ¢—AEN) 





~ Y, IN ee ed 1 (LOWER ADBRESSESI 
rs Im ; 
K«  » K >» atta 


(UPPER ADDRESSES) 
<2 W(ASTB) 


ADSTB 


th ) aa: 7 fo ear 
(DQ—R 

th(pa—we) = i 

a A. m1 | ps ERT 
sii OE y iF ERT 














tsu(rby—¢) th(¢—Rby) 





TC/MARK 


Note 9: 


The center line indicates a floating 
(high-impedance) state. 
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DESCRIPTION 

The M5L8259AP is a programmable LSI! for interrupt control. 
It is fabricated using N-channel silicon-gate ED-MOS tech- 
nology and is designed to be used easily in connection with 
an MELPS85, MELPS86 or MELPS88. 


FEATURES 

@ Single 5V supply voltage 

TTL compatible 

CALL instruction to the CPU is generated automatically 
Priority, interrupt mask and vectored address for each in- 
terrupt request input are programmable 

Up to 64 levels of interrupt requests can be controlled by 
cascading with M5L8259AP 

@® Polling functions 


APPLICATION 


The M5L8259AP can be used as an interrupt controller for 
MELPS85, MELPS86 and MELPS88. 


FUNCTION 

The M5L8259AP is a device specifically designed for use in 
real time, interrupt driven microcomputer systems. It man- 
ages eight level requests and has built-in features for ex- 
pandability to other M5L8259APs. The priority and interrupt 
mask can be changed or reconfigured at any time by the 
main program 

When an interrupt is generated because of an interrupt re- 
quest at 1 of the pins, the M5L8259AP based on the mask 


~ 


BLOCK DIAGRAM 


INTERRUPT 
ACKNOWLEDGE INPUT 
INTERRUPT 
REQUEST OUTPUT 


INTA (26)—~O 


INT @ 


CONTROL LOGIC 


eT 


|__| REGISTER 
(IRR) 
ae 


INTERRUPT 


IR 
REQUEST INPUTS : 





IR> i) 
Vec(5V) @8) 
Vsg(0V) 44) 


L 


ol) fe 
Io 0-—=f INTERRUPT 
IRs @)—=q REQUEST |_® | PRIoRiTy| & J SERVICE 


GISTER 
ISR) 


RESOLVER : 


INTERRUPT MASK REGISTER 
(IMR) 





PIN CONFIGURATION (TOP VIEW) 


CHIP SELECT —~ 
INPUT CS—> 


INTERRUPT 
REQUEST 
INPUTS 


dV6Sc8 1ISW 


ER BET 
Seer ee RUTPUT 
hots ee F ROGRAM 

i) SP EN WRT 


E 


Outline 28P4 





and priority will output an INT to the CPU. After that, when 
an INTA signal is received from the CPU or the system con- 
troller, a CALL instruction and a programmed vector address 
is released onto the data bus. 





DATA BUS “ BIDIRECTIONAL DATA BUS 
3 


BUFFER 
(9)Dz 
88 
(11)Do 


READ/WRITE iMag WRITE CONTROL INPUT 
CONTROL eo READ CONTROL INPUT 
(27)Ao ADDRESS INPUT 


G)CS CHIP SELECT INPUT 


CASCADE 
BUFFER/ 
COMPARATOR 


CASCADE LINES 





(6)SP//EN 
SLAVE PROGRAM INPUT/ 
ENABLE BUFFER OUTPUT 
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PIN DESCRIPTION 


Input or 
Symbol Functional significance 
output 


Chip select input This input !s active at low-level, but may be at high-level during interrupt request input and interrupt processing 
Write control input | Input —_| Command write control input from the CPU 
| RD Read control input Data read control input for the CPU 


Input/ 
Bidirectional data bus ee ‘ Data and commands are transmitted through this bidirectional data bus to and from the CPU 
u 


‘cut These pins are outputs for a master and inputs for a slave And these pins of the master will be able to 
Cascade lines : : address each individual slave The master will enable the corresponding slave to release the device routine 
outpu 


address during bytes 2 and 3 of INTA 





Slave program input/ Input/ SP In normal mode, a master is designated when SP/EN=“H” and a slave is designated when SP/EN=“L” 
Enable buffer output output EN in the buffered mode, whenever the M5L8259AP’s data bus output 1s enabled, its SP/EN pin will go low-level 


Interrupt request output} Output | This pin goes high-level whenever a valid interrupt is asserted 


The asynchronous interrupt inputs are active at high-level The interrupt mask and priority of each interrupt 
input can be changed at any time When using edge triggered mode, the rising edge (low-level to high- 


SP/EN 





level) of the interrupt request and the high-level must be held until the first INTA For level triggered mode, 
the high-level must be held until the first INTA 





When an interrupt acknowledge (INTA) from the CPU Is received, the M5L8259AP releases a CALL in- 
struction or vectored address onto the data bus 





This pin is normally connected to one of the address lines and acts in conjunction with the CS, WR and RD 
when writing commands or reading status registers 





OPERATION Table 1 M5L8259AP basic operation 


The M5L8259AP is interfaced with a standard system bus as 


; Z t | t t d 
shown in Fig. 1 and operates as an interrupt controller. np uniope fanon ead) 





IRR, ISR or interrupting level—data bus 
IMR- Data bus 








ADDRESS BUS Output operation (write) 








Data bus-OCW2 





Data bus-OCW3 





Data bus~ICW1 
Pee bus~OCW1, ICW2, ICW3, ICW4 





Disable function 





Data bus High-impedance 





Data bus->High-impedance 





CASCADE 
M5L8259AP 


IR> IRe IRs IRq IR3 IRe 


Na 
SLAVE PROGRAM INTERRUPT REQUEST INPUTS 
INPUT/ ENABLE 
BUFFER OUTPUT 





Fig. 1 The M5L8259AP interfaces to standard system 
bus. 
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Interrupt Sequence 
1. When the CPU is a MELPS85 

(1) When one or more of the interrupt request inputs are 
raised high-level, the corresponding IRR bit(s) for the 
high-level inputs will be set 

(2) Mask state and priority levels are considered and, if 
appropriate, the M5L8259AP sends an INT signal to 
the CPU. 

(3) The acknowledgement of the CPU to the INT signal, 
the CPU issues an INTA pulse to the M5L8259AP. 

(4) Upon receiving the first INTA pulse from the CPU, a 
CALL instruction is released onto the data bus. 

(5) A CALL is a 3-byte instruction, so additional two 
INTA pulses are issued to the M5L8259AP from the 
CPU. 

(6) These two INTA pulses allow the M5L8259AP to re- 
lease the program address onto the data bus. The 
low-order 8 bits vectored address is released at the 
second INTA pulse and the high-order 8 bits vec- 
tored address is released at the third INTA pulse. 
The ISR bit corresponding to the interrupt request in- 
put is set upon receiving the third INTA pulse from 
the CPU, and the corresponding IRR bit is reset. 

(7) This completes the 3-byte CALL instruction and the 
interrupt routine will be serviced. The ISR bit is reset 
at the trailing edge of the third INTA pulse in the 
AEO! mode In the other modes the ISR bit is not re- 
set until an EO! command is issued. 


IR 
| | IRR SET 


INTA 1 2 

















IRR RESET 
ISR RESET 


ISR SET (AEO] MODE) 


2. When the CPU is a MELPS86 or MELPS88 

(1) When one or more of the interrupt request inputs are 
raised high-level, the corresponding IRR bit(s) for the 
high-level inputs will be set. 

(2) "Mask state and priority levels are considered and if 
appropriated, the M5L8259AP sends an INT signal to 
the CPU. 

(3) As an acknowledgement to the INT signal, the CPU 
issues an INTA pulse to the M5L8259AP. 

(4) Upon receiving the first INTA pulse from the CPU, 
the M5L8259AP does not drive the data bus, and the 
data bus keeps high-impedance state. 

(5) When the second INTA pulse is issued from the 
CPU, an 8-bit pointer is released onto the data bus. 

(6) This completes the interrupt cycle’ and the interrupt 
routine will be serviced. The ISR bit is reset at the 
trailing edge of the second INTA pulse in the AEOI 
mode. In the other modes the ISR bit is not reset un- 
til an EOL command is issued from the CPU. 














IR 
IRR SET 


INTA 1 2 


IRR RESET 


ISR SET ISR RESET (AEOI MODE) 


The interrupt request input must be held at high-level until 
the first INTA pulse is issued. If it is allowed to return to low- 
level before the first INTA pulse is issued, an interrupt re- 
quest in IR7 is executed. However, in this case the ISR bit is 
not set. 

This is a function for a noise countermeasure of interrupt re- 
quest inputs. In the interrupt routine of IR7, if ISR is checked 
by software either the interrupt by noise or real interrupt can 
be acknowledged. In the state of edge trigger mode normal- 
ly the interrupt request inputs hold high-level and its input 
low-level pulse in the case of interrupt 








interrupt sequence outputs 

1. When the CPU is a MELPS85 
A CALL instruction is released onto the data bus when 
the first INTA pulse is issued. The low-order 8 bits of the 
vectored address are released when the second INTA 
pulse is issued, and the high-order 8 bits are released 
when the third INTA pulse is issued. The format of these 
three outputs is shown in Table 2. 











Table 2 Formats of interrupt CALL instruction and vec- 
tored address 
First INTA pulse (CALL instruction) 


D7 De Ds Da D3 D2 D, Do 
ee) ae Oe 


Second INTA pulse (low-order 8 bits of vectored address) 
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Third INTA pulse (high-order 8 bits of vectored address) 
D7, De Ds D4, D3 D2 D, Do 

2. When the CPU is a MELPS86 or MELPS88 
The data bus keeps a high-impedance state when the 
first INTA pulse is issued. Then the pointer T7~ Tp is re- 
leased when the next INTA pulse is issued. The content 
of the pointer T7~Tp is shown in Table 3. The T2~Tpo are 
a binary code corresponding to the interrupt request 


level, Aio ~ As are unused and ADI mode control is 
ignored. 


Table 3 Contents of interrupt pointer 
Second INTA pulse (8-bit pointer) 





Interrupt Request Register (IRR), In-service Register 
(ISR) 

As interrpt requests are received at inputs IR7~IRo, the cor- 
responding bits of IRR are set and as an interrupt request is 
serviced the corresponding bit of ISR is set. The IRR is used 
to store all the interrupt levels which are requesting service, 
and the ISR is used to store all the interrupt levels which are 
being serviced. The status of these two registers can be 
read. These two registers are connected through the priority 
resolver. 

An interrupt requst received by IRn is acknowledged on the 
leading edge when in the edge triggered mode or it is ack- 
nowledged on the level when in the level triggered mode. 


After that an INT signal is released and the interrupt request 
signal is latched in the corresponding IRR bit if the high- 
level is held until the first INTA pulse is issued. It is impor- 
tant to remember that the interrupt request signal must be 
held at high-level until the first INTA pulse is issued. 

The interrupt request latching in the IRR causes a signal to 
be sent to the priority resolver unless it is masked out. When 
the priority resolver receives the signals it selects the high- 
est priority interrupt request latched in IRR. The ISR is set 
when the last INTA pulse is issued while the corresponding 
bit of IRR is reset and the other bits of IRR are unaffected. 
The bit of ISR that was set is not reset during the interrupt 
routine, but is reset at the end of the routine by the EOI 
command (end of interrupt) or by the trailing edge of the last 
INTA pulse in AEOI mode. 

Priority Resolver 

The priority resolver examines all of the interrupt requests 
set in IRR to determine and selects the highest priority. The 
ISR bit corresponding to the selected (highest priority) re- 
quest is set by the last INTA pulse. 

Interrupt Mask Register (IMR) 

The contents of the interrupt mask register are used to mask 
out (disable) interrupt requests of selected interrupt request 
pins Each terminal is independently masked so that mask- 
ing a high priority interrupt does not influence the lower or 
higher priority interrupts. Therefore the contents of IMR 
selectively enable reading. 

Interrupt Request Output (INT) 

The interrupt request output connects directly to the inter- 
rupt input of the CPU.The output level is compatible with the 
input level required for the CPUs. 

The INT output is set to low-level after the interrupt sequ- 
ence ends, irrespective of the current mode. When the pow- 
er is turned on, the INT output (high-level output) may 
appear but is reset to low-level by executing ICW1. 
Interrupt Acknowledge Input (INTA) 

The CALL instruction and vectored address are released 
onto the data bus by the INTA pulse. 

Data Bus Buffer 

The data bus buffer is a 3-state bidirectional data bus buf- 
fer that is used to interface with the system bus. Write com- 
mands to the M5L8259AP, CALL instructions, vectored 
addresses, status information, etc. are transferred through 
the data bus buffer. 

Read/Write Control Logic 

The read/write control logic is used to control functions such 
as receiving commands from the CPU and supplying status 
information to the data bus. 

Chip Select Input (CS) 

The M5L8259AP is selected (enabled) when CS is at low- 
level, but during interrupt request input or interrupt proces- 
sing it may be high-level. 

Write Control Input (WR) 

When WR goes to low-level the M5L8259AP can be written. 
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Read Control Input (RD) 

When RD goes low-level status information in the internal 
register of the M5L8259AP can be read through the data bus. 
Address Input (Ao) 

The address input is normally connected with one of the 
address lines and is used along with WR and RD to control 
write commands and reading status information. 

Cascade Buffer/Comparator 

The cascade buffer/comparator stores or compares identi- 
fication codes. The three cascade lines are output when the 
M5L8259AP is a master or input when it is a slave. The iden- 
tification code on the cascade lines select it as master or 
slave. 

PROGRAMMING THE M5L8259AP 

The M5L8259AP is programmed through the Initialization 
Command Word (ICW) and the operation command word 
(OCW). The following explains the functions of these two 
commands. 

Initialization Command Words (ICWs) 

The initialization command word is used for the initial setting 
of the M5L8259AP. There are four commands in this group 
and the following explains the details of these four com- 
mands. The command flow of |CWs is shown Fig. 2. 

icw1 

The meaning of the bits of ICW1 is explained in Fig. 3 along 
with the functions. |CW1 contains vectored address bits A7~ 
As, a flag indicating whether interrupt input is edge trig- 
gered or level triggered, CALL address interval, whether a 


single M5L8259AP or the cascade mode is used, and 

whether ICW4 is required or not. 

Whenever a command is issued with Aj>=0 and Dy=1, this is 

interpreted as ICW1 and the following will automatically 

occur. 

(a) The interrupt mask register (IMR) is cleared. 

(b) The interrupt request input IR7 is assigned the lowest 
priority. 

(c) The special mask mode is cleared and the status read 
is set to the interrupt request register (IRR). 

(d) When IC4=0 all bits in ICW4 are set to 0. 

icw2 

ICW2 contains vectored address bits A;5 ~ Ag or interrupt 

type T7~T3, and the format is shown in Fig. 3. 

ICW3 

When SNGL=1 it indicates that only a single M5L8259AP is 

used in the system, in which case ICW3 is not valid. When 

SNGL=0, ICW3 is valid and indicates cascade connections 

with other M5L8259AP devices. In the master mode, a 1 is 

set for each slave. 

When the CPU is a MELPS85 the CALL instruction is re- 

leased from the master at the first INTA pulse and the vec- 

tored address is released onto the data bus from the slave 

at the second and third INTA pulses. 

When the CPU is a MELPS86 the master and slave are in 

high-impedance at the first INTA pulse and the pointer is re- 

leased onto the data bus from the slave at the second INTA 

pulse. 





Ao Dy De Ds Da D3 D2 D; Do 


— 


YES(SNGL= 1 ) 


FULLY NESTED MODE 
READY TO ACCEPT INTERRUPT 





Fig. 2 Initialization sequence 
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oe ADDRESS LOW-ORDER BITS 
Ao~ As 


(Note 1) 


1: LEVEL TRIGGERED MODE 
0: EDGE TRIGGERED MODE 


1. CALL ADDRESS INTERVAL IS 4 
0: CALL ADDRESS INTERVAL !S8__] (Note 1) 


1 SINGLE 
0’ CASCADE MODE 


1. ICW4 NEEDED 
0: ICW4 NOT NEEDED 


Note 1 MELPS85 ONLY 


ae 3 
Pee TATA Lo [om] aor [oer] oe 
Ao D7 De Ds D, Ds D2 D; Do 


Icw1 













VECTOR ADDRESS HIGH-ORDER BITS 
(Ais~Ag)OR INTERRUPT TYPE (T7~T3) 


Note 2. To through T2 are binary encoded 
outputs corresponding to the 
Ais/T7 | Aia/Te | Ai3/Ts | Ai2/T4 | Ar/T. A A 
et aces 
7 6 5 4 3 2 1 0 


tRo through |!R7 
1 IRn INPUT HAS A SLAVE 
0 IRn INPUT DOES NOT HAVE A SLAVE 


SLAVE IDENTIFICATION CODE 


po} if 2}3}4is|6i7 


VOR ome 
oft popijojr jo} 












Pt ese ts Ps Pe Ps |e Ps | 
Ao D7; De Ds Da D3 Dz D; Do 


ICW3 (MASTER DEVICE) 








pp Pe i te Ft | te 
Ao D7 De Ds Da Ds D2 Dy Do 


ICW3 (SLAVE DEVICE) 


1; SPECIAL FULLY NESTED MODE 
Q NOT SPECIAL FULLY NESTED MODE 


| 0 | X ]NON BUFFERED MODE 


| 1 | 0 | BUFFERED MODE/SLAVE 
a 


| 1 | BUFFERED MODE/MASTER 





_{ 1. AEOI MODE 
0: NORMAL EO! MODE 
1° MELPS86, 88 MODE 
0 MELPS85 MODE 
ee 
Ao D7 De Ds Da D3 D2 D; Do 
ICW4 


Fig. 3 Initialization command word format 
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The master mode is specified when SP/EN pin is high-level 
or BUF=1 and M/S=1 in ICW4, and slave mode is specified 
when SP/EN pin is low-level or BUF =1 and M/S=0 in 
ICW4. In the slave mode, three bits IDz~ 1Do identify the 
slave. And then when the slave code released on the cas- 
cade lines from the master, matches the assigned ID code, 
the vectored address is released by it onto the data bus at 
the next INTA pulse. 

ICWw4 

Only when IC4=1 in ICW1 is ICW4 valid. Otherwise all bits 
are set to 0. When ICW4 is valid it specifies special fully 
nested mode, buffer mode, master/slave, automatic EO! and 
microprocessor mode The format of ICW4 is shown in Fig. 3. 


Operation Command Words (OCWs) 

The operation command words are used to change the con- 
tents of IMR, the priority of interrupt request inputs and the 
special mask. After the ICW are programmed into the 
M5L8259AP, the device is ready to accept interrupt requests. 
There are three types of OCWs; explanation of each follows, 
and the format of OCWsg is shown in Fig. 4. 

ocw1 

The meaning of the bits of OCWI/ are explained in Fig. 4 
along with their functions. Each bit of IMR can be indepen- 
dently changed (set or reset) by OCW1. 

Oocw2 

The OCW2 is used for issuing EO! commands to the 
M5L8259AP and for changing the priority of the interrupt re- 


1 INTERRUPT MASK SET 
Q INTERRUPT MASK RESET 





i 
Ao D7 De Ds Dg D3 Dz D, Do 


ocw1 





fo [o} | NON-SPECIFIC EO! 


|0| 1] 1] SPECIFIC EOI (RESETS ISR BITS Ly~Lo) 
11 |0|1] ROTATE ON NON-SPECIFIC EO! 
11 |0| 0] SETS AUTOMATIC ROTATION FLIP-FLOP 
RESET AUTOMATIC ROTATION FLIP-FLOP 
ROTATE ON SPECIFIC EO! (RFSFTS ISR BIT 1;~1,) 
1 | 1 | 0 | SETS PRIORITY COMMAND (SET LOWEST PRIORITY BIT L>~Lo) 


} 0 | 1101 NO OPERATION 
a a 





EO! 


SPECIFIC ROTATION 


AUTOMATIC ROTATION 








ID LEVEL TO BE ACTED UPON 


oli j2}3tatsie] 7 


popes feo po Pope pee 
Ao D7 De Ds Da D3 D2 D; Do 


OoCcWwe2 


| 9 | x [NO OPERATION 
| 1 | 0 RESET SPECIAL MASK MODE 





| 1 | 1 | SETS SPECIAL MASK MODE 
—— 


1 POLL COMMAND 
0. NO POLL COMMAND 










| 0 | X | NO OPERATION 


| 1 | 0 | SETS STATUS READ REGISTER IN IRR 
| 1 | 1 | SETS STATUS READ REGISTER IN ISR 






Tir ieee Stier ie) 
Ao D7 Dg Ds D4 D3 D2 D, Do 
OCW3 


Fig. 4 Operation command word format 
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quest inputs. 

OCW3 

The OCWS3 is used for specifying special mask mode, poll 
mode and status register read. 


FUNCTION OF COMMAND 
Interrupt masks 
The mask register contains a mask for each individual inter- 
rupt request. These interrupt masks can be changed by 
programming using OCW}. 
Special mask mode 
When an interrupt request is acknowledged and the ISR bit 
corresponding to the interrupt request is not reset by EOI 
command (which means an interrupt service routine is 
executing) lower priority interrupt requests are ignored. 
In special mask mode interrupt requests received at inter- 
rupt request inputs which are masked by OCW/1 are dis- 
abled, but interrupts at all levels that are not masked are 
possible. This means that in the mask mode ail level of in- 
terrupts are possible or individual inputs can be selectively 
programmed so all interrupts at the selected inputs are dis- 
abled. The masks are stored in IMR and special mask is 
set/reset by executing OCW3. 
Buffered mode 
The buffered mode will structure the M5L8259AP to send an 
enable signal on SP/EN to enable the data bus buffer, when 
the data bus requires the data bus buffer or when cascading 
mode is used. In this mode, when data bus output of the 
M5L8259AP is enabled, the SP/EN output becomes low- 
level. This allows the M5L8259AP to be programmed 
whether it is a master or a slave by software. The buffered 
mode is set/reset by executing ICW4. 
Fully nested mode 
The fully nested mode is the mode when no mode is speci- 
fied and is the usual operational mode. In this mode, the 
priority of interrupt request terminals is fixed from the lowest 
IR7 to the highest IRo. When an interrupt request is acknow- 
ledged the CALL instruction and vectored address are re- 
leased onto the data bus. At the same time the ISR bit cor- 
responding to the accepted interrupt request is set. This ISR 
bit remains set until it is reset by the input of an EOI com- 
mand or until the trailing edge of last INTA pulse in AEOI 
mode. While an interrupt service routine is being executed, 
interrupt requests of same or lower priority are disabled 
while the bit of ISR remains set. The priorities can be 
changed by OCW2. 
Special fully nested mode 
The special fully nested mode will be used when cascading 
is used and this mode will be programmed to the master by 
ICW4. The special fully nested mode is the same as the fully 
nested mode with the following two exceptions. 
1. When an interrupt from a certain slave is being serviced, 
this slave is not locked out from the master priority logic. 
Higher priority interrupts within the slave will be recog- 
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nized by the master and the master will initiate an inter- 
rupt request to the CPU. In general in the normal fully 
nested mode, a serviced slave is locked out from the 
master’s priority, and so higher priority interrupts from the 
same slave are not serviced. 

2. When an interrupt from a certain slave is being serviced 
the software must check ISR to determine if there are 
additional interrupts requests to be serviced. If the ISR 
bit is 0 the EOI command may be sent to the master too. 
But if it is not 0 the EO! command should not be sent to 
the master. 

Poll mode 
The poll mode is useful when the internal enable flip-flop of 
the microprocessor is reset, and interrupt input is disabled. 
Service to the device is achieved by.a programmer initiative 
using a poll command. In the poll mode the M5L8259AP at 
the next RD pulse puts 8-bit on the data bus which indicates 
whether there is an interrupt request and reads the priority 
level. The format of the information on the data bus is as 
shown below. 







1 there ts an interrupt request 


Binary code of the highest priorit 
0: there ts no interrupt request nary € nighest priority 


level requesting services 
a 


Pp! | - | -[ -$-[uldw | | 
D7 De Ds Da D3 D2 D, Do 





When I=0 (no interrupt request), W2~Wp is 111. The poll is 
valid from WR to RD and interrupt is frozen. This mode can 
be used for processing common service routines for inter- 
rupts from more than one line and does not require any INTA 
sequence. Poll command is issued by setting P=1 in OCW3. 
End Of Interrupt (EOI) and Specific EOI (SEOI) 

An EOI command is required by the M5L8259AP to reset the 





ISR bit. So ‘an EOI command must be issued to the 
M5L8259AP before returning from an_ interrupt service 
routine. 


When AEOI is selected in ICW4, the ISR bit can be reset at 
the trailing edge of the last INTA pulse. When AEOI is not 
selected the ISR bit is reset by the EOI command issued to 


‘the M5L8259AP before returning from an interrupt service 


routine. When programmed in the cascade mode the EOI 
command must be issued to the master once and to corres- 
ponding slave once. 

There are two forms of EOI command, specific EOI and non- 
specific EOI. When the M5L8259AP is used in the fully 
nested mode, the ISR bit being serviced is reset by the EOI 
command. When the non-specific EOI! is issued the 
M5L8259AP will automatically reset the highest ISR bit of 
those that are set. Other ISR bits are reset by a specific EOI 
and the bit to be reset is specified in the EOI by the prog- 
ram. The SEOI is useful in modes other than fully nested 
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mode. When the M5L8259AP is in special mask mode ISR 
bits masked in IMR are not reset by EOI. EOI and SEOI are 
selected when OCW2Z is executed. 

Automatic EO! (AEOI) 

In the AEOI mode the M5L8259AP executes non-specific 
EOI command automatically at the trailing edge of the last 
INTA pulse. When AEOI=1 in ICW4, the M5L8259AP is put in 
AEOI mode continuously until reprogrammed in ICW4. 

The AEOI mode can only be used in a master M5L8259AP 
and not a slave. 

Automatic rotation 

The automatic rotation mode is used in applications where 
many interrupt requests of the same level are expected 
such as multichannel communication systems. In this mode 
when an interrupt request is serviced, that request is 
assigned the lowest priority so that if there are other inter- 
rupt requests they will have higher priorities. This means 
that the next request on the interrupt request being serviced 
must wait until the other interrupt requests are serviced 
(worst case is waiting for all 7 of the other controllers to be 
serviced). The priority and serving status are rotated as 
shown in Fig. 5. 


BEFORE ROTATION (IR3 THE HIGHEST PRIORITY 


REQUIRING SERVICE) 









1S7 IS¢ ISs5 1Sq IS3 ISe IS, ISo 


ae (cc OR a a es 


LOWEST PRIORITY HIGHEST PRIORITY 


Ec ee EES eee 


AFTER ROTATION 
(IR3 WAS SERVICED AND ALL OTHER 
PRIORITIES ROTATED CORRESPONDINGLY) 






PRIORITY 
STATUS 














IS7 ISe  ISs IS, IS3 IS. IS; IS 


pe ee eee eee 


HIGHEST PRIORITY LOWEST PRIORITY 


fe eee ee ee a 


Fig. 5 An example of priority rotation 







PRIORITY 
STATUS 


In the non-specific EO! command automatic rotation mode is 
selected when R=1, EOI=1, SL=0 in OCW2. The internal 
priority status is changed by EOI or AEO!I commands. The 
rotation priority A flip-flop is set by R=1, EOI=0 and SL=0 
which is useful when the M5L8259AP is used in the AEOI! 
mode. 

Specific rotation 

Specific rotation gives the user versatile capabilities in inter- 
rupt controlled operations. It serves in those applications in 


which a specific device’s interrupt priority must be altered. 
As opposed to automatic rotation which automatically sets 
priorities, specific rotation is completely user controlled. 
That is, the user selects the interrupt level that is to receive 
lowest or highest priority. Priority changes can be executed 
during an EO! command. 

Level triggered mode/Edge triggered mode 

Selection of level or edge triggered mode of the M5L8259AP 
is made by ICW1, When using edge triggered mode not only 
is a transition from low-level to high-level required, but the 
high-level must be held until the first INTA. If the high-level 
is not held until the first INTA, the interrupt request will be 
treated as if it were input on IR7, except that the ISR bit is 
not set. When level triggered mode is used the functions are 
the same as edge triggered mode except that the transition 
from low-level to high-level is not required to trigger the in- 
terrrupt request. 7 

In the level triggered mode and using AEOI mode together, 
if the high-level is held too long the interrupt will occur im- 
mediately. To avoid this situation interrupts should be kept 
disabled until the end of the service routine or until the IR 
input returns low-level. In the edge triggered mode this type 
of mistake is not possible because the interrupt request is 
edge triggered. 

Reading the M5L8259AP internal status 

The contents of IRR and ISR can be read by the CPU with 
status read. When an OCWS3 is tssued to the M5L8259AP and 
an RD pulse issued the contents of IRR or ISR can be re- 
leased onto the data bus. A special command is not re- 
quired to read the contents of IMR. The contents of IMR can 
be released onto the data bus by issuing an RD pulse when 
Ao=1. There is no need to issue a read register command 
every time the IRR or ISR is to be read. Once a read regis- 
ter command is received by the M5L8259AP, it remains valid 
until it is changed. Remember that the programmer must 
issue a poll command every time to check whether there is 
an interrupt request and read the priority level. Polling over- 
rides status read when P=1, RR=1 in OCW3. 








CASCADING 

The M5L8259AP can be interconnected in a system of one 
master with up to 8 slaves to handle up to 64 priority levels. 
A system of 3 units that can be used with the MELPS85 is 
shown in Fig. 6. 

The master can select a slave by outputting its identification 
code through the 3 cascade lines. The INT output of each 
slave is connected to the master interrupt request inputs. 
When an interrupt request of one of the slaves is to be ser- 
viced the master outputs the identification code of the slave 
through the cascade lines, so the slave will release the vec- 
tored address on the next INTA pulse. 

The cascade lines of the master are nomally low-level, and 
will contain the slave identification code from the leading 
edge of the first INTA pulse to the trailing edge of the last 
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INTA pulse. The master and slave can be programmed to master and once for the corresponding slave. Each CS of 


work in different modes. |CWs must be issued for each de- 


vice, and EOI commands must be issued twice: once for the 


ADDRESS BUS 


cs. Ao INT 


CASo 
M5L8259AP CAS, 


MASTER 


CAS? 
SP/ N IR7 IRs IRs IR, IR3 |RelR,IRo 


INTERRUPT REQUEST INPUTS 


Fig. 6 Cascading the M5L8259AP 


DEN 


DATA BUS 


Do~ D7 

(Note 3) ADo~AD7 
RD OR ORC 

WR OR IOWC 
INTA 


rA| 


Note 3 - Do~D7 of the M5L8259AP are direct connected with ADo~AD7 of the MELPS86 


ADDRESS BUS 


Fig. 7 Example of interface with the MELPS86 





dV6S¢c81SW 





the M5L8259AP requires an address decoder, 


M5L8259AP 
SLAVE 


IR7IRelRsIRalR3lRelRilRo 


76543 21 «0 


INTR 


_E 
TO BUS BUFFER 
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INSTRUCTION SET 


Mnemonic 









































1 ICW1 A 0 Az As6 As 1 0 1 1 0 N 4 ; Y E 
2 ICW1 B 0 Az As6 As 1 1 1 1 0 N 4 Y L 
3 ICW1 C 0 Az Ac6 As 1 0 1 0 0 N 4 N E 
4 icCwW1 D 0 Az Ac6 As 1 1 1 0 0 N 4 N L 
5 ICW1 E 0 Az As 0 1 0 0 1 0 N 8 Y E 
6 ICW1 F 0 Az Ag 0 1 1 0 1 0 N 8 Y Li: 
7 ICW1 G 0 Az As 0 ] 0 0 0 0 N 8 N E 
8 ICW! H 0 Az As 0 ] 1 0 0 0 N 8 N L 
9 ICwl | 0 Az As As ] 0 1 1 1 Y 4 Y E 
J 0 A7 Ag As 1 1 1 1 1 Y 4 ¥ L 
K 0 Az Ac As 1 0 1 0 1 y¥ 4 N E 
L 0 Az Ag6 As 1 1 1 0 ] Y 4 N L 
M 0 A? As 0 1 0 0 ] 1 Y 8 Y E 
N 0 Az Ac 0 1 ] 0 1 1 Y 8 Y L 
O 0 Az As 0 1 0 0 0 1 Y 8 N E 
P 0 Az As 0 1 1 0 0 1 Y 8 N L 
1 8-bit vectored address 
1 Slave connections (master mode) 
1 Slave identification code (slave mode) 








SFNM BUF AEOI MELPS86 























































































A 1 0 0 0 0 0 0 0 0 N N N N 
B 1 0 0 0 0 0 0 0 1 N N N Y 
Cc ] 0 0 0 0 0 0 1 0 N N Y N 
D ] 0 0 0 0 0 0 1 1 N N Y Y 
E 1 0 0 0 0 0 1 0 0 N N N N 
F ] 0 0 0 0 0 1 0 1 N N N Y 
G 1 0 0 0 0 0 1 1 0 N N Y N 
H 1 0 0 0 0 0 1 1 1 N N y Y 
I 1 0 0 0 0 1 0 0 0 N Y S$ N N 
J 1 0 0 0 0 1 0 0 1 N Y § N Y 
K 1 0 0 0 0 1 0 1 0 N Y § Y N 
L 1 0 0 0 0 1 0 1 1 N Y Ss y Y 
M 1 0 0 0 0 1 1 0 0 N Y M N N 
N 1 0 0 0 0 1 ] 0 1 N Y M N Y 
O 1 0 0 0 0 1 ] 1 0 N Y M Y N 
P 1 0 0 0 0 1 1 1 1 N Y M Y Y 
NA ] 0 0 0 1 0 0 0 0 Y N N N 
NB 1 0 0 0 1 0 0 0 1 Y N N Y 
NC ] 0 0 0 1 0 0 1 0 Y N Y N 
ND ] 0 0 0 1 0 0 1 1 Y N Y Y 
NE 1 . 0 0 0 ] 0 1 0 0 4 N N N 

ICW4 NF 1°: QO 0 0 1 0 ] 0 1 Y N N Y 

iCW4 NG 1 0 0 0 1 0 1 1 0 Y N Y N 

IiCW4 NH 1 0 0 0 1 0 1 1 1 Y N Y Y 

icw4 NI 1 0 0 0 1 ] 0 0 0 Y Y § N N 

ICW4 NJ 1 0 0 0 1 1 0 0 1 Y Y § N Y 

ICW4 NK 1 0 0 0 1 1 0 1 0 Y Y S$ Y N 

ICW4 NL 1 0 0 0 ] 1 0 1 1 Y Y S$ Y Y 

ICW4 NM 1 0 0 0 ] 1 1 0 0 Y Y M N N 

ICW4 NN 1 0 0 0 ] 1 ] 0 1 Y Y M N Y 

ICW4 NO 1 0 0 0 ] 1 1 | 0 Y Y M Y N 

ICW4 NP ] 0 0 0 1 1 1 1 1 Y Y M Y y 

OCW! 1 M7 Me Ms M, M3 M2 Mi; Mo Interrupt mask 

OCW2 E | 0 0 0 1 0 0 0 0 0 EOI 

OCW2 SE 0 0 1 1 0 0 Lo Li Lo SEO! 

OCW2 RE 0 1 0 1 0 0 0 0 0 Rotate on Non-Specific EOI command (Automatic rotation) 

OCW2 RSE ¢) 1 1 1 0 0 Lo L, Lo Rotate on Specific EOI command (Specific rotation) 

Oocw2 R 0 1 0 0 0 0 0 0 0 Rotate in AEOI Mode (SET) 

OCW2 CR 0 0 0 0 0 0 0 0 0 Rotate in AEO! Mode (CLEAR) 

OCcW2 RS 0 1 1 0 0 0 Lo Ly Lo Set priority without EO! 

OCW3 P 0 0 0 0 0 1 1 0 0 Poll mode 

OCW3 RIS 0 0 0 0 0 1 0 1 1 Sets Status Read Resister in ISR 

OcW3 RR 0- 0 0 0 0 1 0 1 0 Sets Status Read Resister in IRR 

OcW3 SM 0 0 1 1 0 1 0 0 0 Sets Special Mask mode 

OCW3 RSM 0 0 1 0 0 1 0 0 0 Reset Special Mask mode 











Note 4° Y.yes,N no, E edge, L. level, M: master, S: slave 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter 
Pv | Input voltage 


Mey. Output voltage 


Topr Operating free-air temperature range 


Voc 

Vi 

Vo 
Pq Power dissipation 
| Toto | 


Tsta Storage temper ature range 








Symbol Parameter 






























Parameter Test conditions 


V 
V 
Vv 
V 






Limits 
Unit 
2.0 


—0.5 


ree 
Ea 

2.4 
= 
— 


High-level input voltage 




















Low-level input voltage 


lon=— 400A 





High-level output voltage 











High-level output voltage, interrupt requset output 


1 
I 
ra) 
ro) Low-level output voltage 
lo Supply current from Voc 
lhe 
lie 
Cc 








< 
oO 
(@) 
+ 
> 
on 


lo. =2. 2mA 























Low-level input current 


Off-state output current 


Input capacitance 


TIMING REQUIREMENTS  (Ta=—20~75C , Vec=5V+10%, Vss=OV, unless otherwise noted) 


: 
Symbol Parameter Unit. 


yp ax 





Waliars | High-level input current 
















H 
L 
H . 
L 
c 
J Voec=Vss, f=1 Mz, 25mVrms, Ta=25C 








Input/output capacitance Voc=Vss, f=1MHz, 25mVrms, Ta=25°C 













Test conditions 


+ 


290 


: 
0 


ee 

60 | ne 

End of command to next command (Not same command type) 500 
d( rw) 


End of INTA sequence to next INTA sequence 625 
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SWITCHING CHARACTERISTICS  (Ta=—20~75T , Vec=5V+10%, Vss=OV, unless otherwise noted) 


Symbol Parameter Test conditions 


Data output enable time after read 

Data output disable time after read 

Data output enable time after address é =100pF 
jtenuneny 2 


teHL(R-EN) Propagation time from read to enable signal output Ptodiom=: 
Where SP/EN 
Propagation time from read to disable signal output ; 
pin is 15pF 
Propagation time from interrupt request input to interrupt request output 
Propagation time from INTA to cascade output (master) 
tepzv(cas-DaQ) Data output enable time after cascade output (slave) 


Note 5 : INTA signal is considered read signal 
CS signal is considered address signal 





Input pulse level 0. 45~2. 4V 
Input pulse rise time 20ns 24 
Input pulse fall time 20ns ; 
Reference level input = Vj4=2V, V);.=0. 8V 
output Vou=2V, VoL=0. 8V 0.45 0.8 0.8 


TIMING DIAGRAM 
Write Mode 


CS, Ao 


( 


a A 










th(w-pa) 
tsu(Da-w) 
Read Mode 
cs. Ao 
RD 
INTA 
tevz(rR-pa) 
j u\ 
7~Do \\ yj 
\Y f// 
teLH(R-EN) 
EN 
ey MITSUBISHI 
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Interrupt Sequence 


Tf _ 


teLH(IR-INT) 


INT 
(Note 6) (Note 7) 


(Note 6) 


(Note 8) Wi \\<nete 7) [f \\ i] \\ (Note 7) 
\ {/ \ TY N [] 


D7~Do 


tpLV(INTA-CAS) tsu(CAS-INTA) 





CAS.~ CAS 
(Note 6) 


Other Timing 


WR 
trec(w) 
RD 
trec(rR) 


WR 
RD 
INTA 


Zz 
+ 
> 


tdcrw) 


Note 6 : MELPS86, 88 mode 

7: MELPS85 mode 

8 : MELPS86, 88 mode is in high-impedance state, pointer is released during the next 
INTA. 
When in single MELPS85 mode, data is released by all INTAs When master, CALL in- 
struction is released during the first INTA, high impedance state during the second 
and third INTA. When slave, high impedance state during the first INTA, vectored 
address is released during the second and third INTA. 
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DESCRIPTION 

The M5L8279P-5 is a programmable keyboard and display 
interface device that is designed to be used in combination 
with an 8-bit/16-bit microprocessor. This device is fabricated 
with N-channel silicon-gate ED-MOS process technology 
and is packed in a 40-pin DIL package. It needs only single 
5V power supply. 


FEATURES 

Single 5V supply voltage 

TTL compatible 

Keyboard mode 

Sensor matrix mode 

Strobed mode 

Internally provided key bounce protection circuit 
Programmable debounce time 

2-key lockout/N-key rollover 

8-character keyboard FIFO 

Internally contained 16 X 8-bit display RAM 
Programmable right and left entry 


APPLICATION 

Microcomputer |/O device 

64 contact key input device for such items as electronic 
cash registers 

Dual 8- or single 16-alphanumeric display 


FUNCTION 

The total chip, consisting of a keyboard interface and a dis- 
play interface, can be programmed by eight 8-bit com- 
mands. The keyboard portion is provided with a 64-bit key 


BLOCK DIAGRAM 


RESET CLOCK 
INPUT INPUT 


RESET CLK 


CONTROL/DATA SELECT INPUT 
CHIP SELECT INPUT 

WRITE STROBE INPUT 

READ STROBE INPUT 


70 CONTROL 


CONTROL INPUT CNTLQG? 
SHIFT INPUT SHIFT@—_ 
R7 om 


RETURN LINE INPUTS 


RETURN BUFFER 


DISPLAY REGISTER 


ddmdaooS 


OA3 OA; OA; OAy OB; OB2 OB; OBy 
er pe Sere yar 


(9-3) - ADABHIDIOXISIDIIHID- - 
aaeanae 
[ue eure 
8 8-BIT INTERNAL 
DATA BUS 


PIN CONFIGURATION (TOP VIEW) 













RETURN LINE | Re LY Voc (5V) 
INPUTS | R; [2] 
CLOCK INPUT CLK —[3, 
INTERRUPT jy — 






REQUEST OUTPUT 









RETURN LINE | Rs —L6! 
INPUTS Re —| 7] 






DISPLAY (8) 
OUTPUTS 


G-d6Zc8 1SW 








DISPLAY (A) 
OUTPUTS 





BIDIRECTIONAL} 2 
DATA BUS 









CHIP SELECT 
INPUT 





22|*~ CS 






Outline 40P4 





debounce buffer and an 8 X 8-bit FIFO/SENSOR RAM. It 
operates in any one of the scanned keyboard mode, scan- 
ned sensor matrix mode or strobed entry mode. The display 
portion is provided with a 16 X 8-bit display RAM that can 
be organized into a dual 16X 4 configuration. Also, an 8-digit 
display configuration is possible by means of programming. 


BIDIRECTIONAL 
DATA BUS 


rnin NA OO, 
D7 De Ds Ds D3 D2 D; Do 


INTERRUPT 
REQUEST OUTPUT 
INT 


4) 
1X64-BIT 
DEBOUNCE 


ATU 
CONTROL 
— RAM 


X8 
8] KEY 
FIFO BOARD 
RA 


2 TIMING 





bdbe 


S3 S2 S; So 
i poet 


a 
BD 


DISPLAY (A) DISPLAY (B)BLANKING = scan TIMING 


OUTPUTS 





DISPLAY 


OUTPUT OUTPUTS 


OUTPUTS 
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PIN DISCRIPTION 






Input or 
output 










ca Interrupt request output on 











not cleared. 


RESET Reset input 


Read strobe input 


| WR Write strobe input 


CLK 

INT 

WR 

Do~ D7 Bidirectional data bus 
Ao 

cs 


Chip select input 


om ee 
OPERATION 


One of the three operating modes, the keyboard mode is 
the most common, and allows programmed 2-key lockout 
and N-key rollover. Encoded timing signals corresponding 
with key input are stored in the FIFO through the keyde- 
bounce logic, and the debouncing time of the key is also 
programmable. In the sensor mode, the contents of the 8 X 
8 key contacts are constantly stored in the FIFO/sensor 
RAM, generating an interrupt signal to the CPU each time 
there is a change in the contents. In the strobed entry mode, 
the CNTL input signal is used as a strobe for storing the 8 
return line inputs to the FIFO/sensor RAM. 

The display portion is provided with a 16 X 8-bit display 
RAM that can be organized into a dual 16 X 4-bit configura- 








Display (A) and 
(B) outputs 


pane Scan timing outputs 














Functions 


These are the return lines which are connected with the scan lines through the keys or sensor switches, 
and are used for 8-bit input in the strobed entry mode They are provided with internal pullups to maintain 


them high-level until a switch closure pulls one low-level. They become active at low-level 





Clock signal from the system which is used to generate internal timing. 


When there is any data in the FIFO during the keyboard mode or the strobed mode, this signal turns high-level so as to request 
interrupt to the CPU. It turns low-level each time data is read, but if any data remains in the FIFO it will turn high-leve! again 
and request interrupt to the CPU. End Interrupt command resets INT signal. 


Resets the chip when this signal is high-level. After the reset it assumes 16-digit, left-entry, encode display 
and 2-key lockout mode, and the prescale value of the clock becomes 31 The display RAM, however, 1s 


Functions to control data transfer to the data bus 
Functions to control command/data transfer from the data bus. 
In/out All data and commands between the CPU and the chip are transferred through these lines. 


Control/data select When this signal is high-level, tt indicates that the signals in and out are either command (in) or status 
input (out). When low-level, it indicates they are data (in/out) 
| cs Chip select is enabled when this signal ts low-level 


This signal is used in preventing overlapped display during digit swiching. It also may be brought to low- 
level by display blanking command. 


These output ports can be used either as a dual 4-bit port or a single 8-bit port depending on an applica- 
tion, and the contents of the display RAM are output synchronizing with the scan timing signals These two 
4-bit ports may be blanked independently Blanking may be activated with either high- or low-level signal 
by means of clear command. 


These signals are used to scan the key switch, the sensor matrix or the display digit They can be either 
decoded or encoded, but it requres an external decoder in the encode mode. Signals So~Sz3 are all turned 
to low-level when RESET is high-level 


In the keyboard mode, the shift input becomes the second highest bit of the key input information and is 
stored in the FIFO This input is ignored in the other modes. It is constantly kept at high-level by an internal 
pull resistor. The signal is active at high-level. 


In the keyboard mode, the control input becomes the most significant bit of the key input information and is 
stored in the FIFO. The signal is active at high-level In the strobed entry mode, it becomes the strobe sig- 
nal and stores the return input data in the FIFO at the rising edge of the input It affects nothing internal in 
the sensor mode It is constantly kept at high-level by an internal pullup resistor 














































tion. Also, an 8-digit display configuration is possible by 
means of programming. Input to the register can be per- 
formed by either left or right entry modes. In the auto incre- 
ment mode, read and write can be carried out after desig- 


nating the starting address only. 

Both the keyboard and display sections are scanned by 
common scan timing signals that are derived from the basic 
clock pulse. This frequency-dividing ratio is changeable by 
means of programming. There are decode and encode mod- 
es for the scanning mode; timing signals that are decoded 
from the lower 2 bits of the scan counter are output in the 
decode mode, while the 4-bit binary output from the scan 
counter is decoded externally in the encode mode. 
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COMMAND DESCRIPTION 

There are eight commands provided for programming the 
operating modes of the M5L8279P-5. These commands are 
sent on the data bus with the signal CS in low-level and the 
signal Ap in 1 and are stored in the M5L8279P-5 at the rising 
edge of the signal WR. The order of the command execution 


is arbitrary. 
1. Mode Set Command 
MSB LSB 
cose: [00] 00] ] KK] kK) 


DD (Display mode set command) 

0 8-—8-bit character display—left entry 

1 16—8-bit character display—left entry Ye”) 
0 8—8-bit character display—right entry 

11  16—8-bit character display—right entry 

K K K_ (Keyboard mode set command) 


- oO Oo 


000° Encoded display keyboard mode — 2-key lockout "*te”) 
001 Decoded display keyboard mode — 2-key lockout 
010 Encoded display keyboard mode — N-key rollover 


Decoded display keyboard mode — N-key rollover 
Encoded display, sensor mode 
Decoded display, sensor mode 
Encoded display, strobed entry mode 
Decoded display, strobed entry mode 
Note 1 : Default after reset. 
2. Program Clock Command 
MSB LSB 


The external clock is divided by the prescaler value PPPPP 
designated by this command to obtain the basic internal fre- 
quency. 

When the internal clock is set to 100kHz, it will give a 5.1ms 
keyboard scan time and a 10.3ms debounce time. The pre- 
scale value that can be specified by PPPPP is from 2 to 31. 
In case PPPPP is 00000 or 00001, the prescale is set to 2. 
Default after a reset pulse is 31, but the prescale value is 
not cleared by the clear command. 

3. Read FIFO Command 


_—_ tO) 


Code: 


4. Read Display RAM Command 
MSB LSB 


fo} |ifaifalalalal 


This command is used to specify that the following data 
readout (CS-Ao:RD) is from the display RAM. As long as 
data is to be read from the display RAM, no additional com- 
mands are necessary. 

The data AAAA is the value with which the display RAM 
read/write counter is set, and it specifies the address of the 
display RAM to be read or written next. 

Al is the auto-increment flag. Turning Al to 1 makes the 
address automatically incremented after the second read/ 
write operation. This auto-increment bit does not affect the 
auto-increment of FIFO readout in the sensor mode. 

5. Write Display RAM Command 


MSB LSB 
jt }ofojajalalala 


With this command, following display RAM _ read/write 
addressing is achieved without changing the data readout 
source (FIFO or display RAM). Meaning of Al and AAAA are 
identical with read display RAM command. 
6. Display Write inhibit/Blanking Command 

MSB , LSB 


fa} ofa | x jiwhw]eejee] X = Don't care 
A 


B A B 


Code : 


Code : 


Code : 


The IW is a write inhibit bit to the display RAM that corres- 
ponds with the output A or B. Inhibit is activated by turning 
the IW 1. 

The BL is used in blanking the out A or B. Blanking is acti- 
vated by turning the BL 1. Setting both BL flags makes the 
signal BD low-level so that it can be used in 8-bit display 
mode. 

Resetting the flags makes all IW and BL turn 0. 

7. Clear Command 


MBS LSB 


[i To [eeloslesler]ss 





Code : 





MSB LSB Cp: Clears the display RAM. 
Code: Fo; 1 fojailx{alalal X = Don't care Cy Cp Co 
O X X_ No specific performance 
This command is used to specify that the following data 1 0 X_ Entire contents of the display RAM are 
readout (CS-Ao'RD) is from the FIFO. As long as data is to turned0. 
be read from the FIFO, no additional commands are neces- 1 1 0 The contents of the display RAM are 
Sary. turned 20H (00100000 = OA30A20A;0A 
Al and AAA are used only in the sensor mode. AAA desig- 0B;30B.0B,0Bo). 
nates the address of the FIFO to be read, and Al is the auto- 1 1. 1 Entire contents of the display RAM are 
increment flag. Turning Al to 1 makes the address automati- turned 1. 
cally incremented after the second read operation. This 
auto-increment bit does not affect the auto-increment of the 
display RAM. 
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Cr : Clears the status word and resets the interrupt signal 
(INT). 
Ca, : Clears the display RAM and the status word and resets 
the interrupt signal (INT). 
Clearing condition of the display RAM is determined by the 
lower 2 bits of the Cp. 
Clearing the display RAM needs some time (~ 160 
uzsecond) and causes the display-unavailable status (DU) 
in the status word to be 1. The display RAM is not accessi- 
ble for the duration of this time, even if the display mode 
was in 8-digit display mode or a decoded mode. 
As both Ce and C, function to reset the internal keyde- 
bounce counter, the key input under counting is ignored, 
and the internal FIFO counter is reset to make the interrupt 
signal low-level. 
C, resets the internal timing counter, forcing So~Ss3 to start 
from S3S2S;So = 0000 after the execution of the command. 
8. End Interrupt/Error Mode Set Command 
MSB LSB 


a falafel xix] x}x X = Don’t care 


In the sensor matrix mode, an interrupt signal is generated 
at the beginning of the next key scan time to inhibit further 
writing to the FIFO when there is a change in the sensor 
switch. The interrupt request output INT is reset when the 
sensor RAM is read with the Auto-increment flag 0, or the 
execution of this command. 

When E is kept in 0, depression of any sensor makes the 
second highest bit of the status word 1. When E is kept in 1, 
the status is kept 0 all the time. 

When E is programmed to 1 in the N-key rollover mode, the 
execution of this command makes the chip operate in spe- 
cial error mode, during which time depression of more than 
two keys in a key debounce time causes an error and sets 
the second highest bit of the status word 1. 


Code: 


STATUS WORD 


MSB LSB 
pulsejoful ei Ni nin 


NNN: Indicates the number of characters in the FIFO during 
the keyboard and strobed entry modes. 

F: Indicates that the FIFO is filled up with 8 characters. 
The number of characters existing in the FIFO (0 ~ 8 
characters) can be known by means of the bits NNN 
and F (FNNN = 0000~FNNN = 1000). 

U: Underrun error flag 
This flag is set when a master CPU tries to read an 
empty FIFO. 

O: Overrun error flag 

This flag is set when another character is strobed into 

a full FIFO. 

The bits U and O cannot be cleared by status read. 

They will be cleared by the clear command. 

Sensor closure/multiple error flag 

When 111EXXXX is executed by turning E = 0, the bit 

S/E in the status word is set when there is at least 

one sensor closure. 

When 111EXXXX is executed by turning E = 1 

(special error mode), the bit S/E is set when there 

are more than two key depressions made in a key 

scan time. 

DU: Display unavailable 
This flag is set when a clear display command is ex- 
ecuted, and announces that the display RAM is not 
accessible. 


S/E: 
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CPU INTERFACE 

1. Command Write 

A command is written on the rising edge of the signal WR 
with CS low-level and Ao 1. 

2. Data Write 

Data is written to the display RAM on the rising edge of the 
signal WR with CS low-level and Ao 0. 

The address of the display RAM is also incremented on the 
rising edge of the signal WR if Al is set for the display RAM. 
3. Status Read 

The status word is read when CS and RD are low-level and 
Ao is 1. The status word appears on the data bus as long as 
the signal RD is low-level. 

4. Data Read 

Data is read from either the FIFO or the display RAM with 
CS and RD are low-level and Ag is 0. The source of the data 
(FIFO or display RAM) is decided by the latest command 
(read display or read FIFO). The data read appears on the 
data bus as long as the signal RD is low-level. 

The trailing edge of the signal RD increments the address of 
the FIFO or the display RAM when Al is set. After the reset, 
data will be read from the FIFO, however. 


Status read 


KEYBOARD INTERFACE 

Keyboard interface is done by the scan timing signals (So~ 
S3) , the return line inputs (Ro ~ R7), the SHIFT and the 
CNTRL inputs. 

In the decoded mode, the low-order of 2 bits of the internal 
scan counter are decoded and come out on the timing pins 
(Sp~S3). In the encoded mode, the four binary bits of the 
scan counter are directly output on the timing pins, thus a 3- 
\to-8 decoder must be employed to generate keyboard scan 
timing. 

The return line inputs (Ro~R7), the SHIFT and the CNTL in- 
puts are pulled up high-level by internal pullup transistors 
until a switch closure pulls one low. 

The internal key debounce logic works for a 64-key matrix 
that is obtained by combining the return line inputs with the 
scan timing. 

For the keyboard interface, M5L8279P-5 has four distinctive 
modes that allow various kinds of applications. In the follow- 
ing explanation, a “Key scan cycle” is the time needed to 
scan a 64-key matrix, and a “key debounce cycle” needs a 
duration of two “key scan” cycles. (In the decoded mode 32 
keys, unlike 64 keys in the encoded mode, can be employed 
for a maximum key matrix due to the limit of timing signals 





However, ‘both the key scan cycle and the key debounce 
cycle are the same as in the encoded mode.) 

1. 2-Key Lockout (Scanned Keyboard Mode) 

The detection of a new key closure resets the internal de- 
bounce counter and starts counting. At the end of a key de- 
bounce cycle, the key is checked and entered into the FIFO 
if it is still down. An entry in the FIFO sets the INT output 
high. If any other keys are depressed in a key debounce cy- 
cle, the internal key debounce counter is reset each time it 
encounters a new key. Thus only a single-key depression 
within a key debounce duration is accepted, but all keys are 
ignored when more than two keys are depressed at the 
same time. 


Example 1: Accepting two successive key depressions 


KEY 1 LJ LI LJ 


tKEY DEBOUNCE$CYCLE 
——— —_—__—____—--__-__% 
KEY 2 


Ali tient 
KEY DEBOUNCE CYCLE 
Note 2: 4 : Debounce counter reset 


¢ : Key input 


Example 2 : Overlapped depression of three keys 


keyi LJ LE U 
A 


KEY 2 ; 
KEY DEBOUNCE CYCLE 


Keys OL CL 
f f 


Note 3 : Only key 2 is acceptable 
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2. N-Key Rollover (Scanned Keyboard Mode) 

Each key depression is treated independently from all 
others so as to allow overlapped key depression. Detection 
of a new key depression makes the internal key debounce 
counter reset and start to count in a same manner as in the 
case of 2-key lockout. But, in N-key rollover, other key clo- 
sures are entirely ignored within a key debounce cycle so 
that depression of any other keys would not reset the key 
debounce counter. In this way, overlapped key depression is 
allowed so as to enable the following key input: 


KEY 1 
* KEY DEBOUNCE 
CYCLE 
KEY 2 
A *KEY DEBOUNCE 
v7 CYCLE 
KEY 3 


KEY DEBOUNCE}, ra 
CYCLE 


The scanned key input signal does not always reflect the 
actual key depressing action, as the key matrix is scanned 
by the timing signal. 

With N-key rollover, there is a mode provided with which 
error is caused when there are more than 2 key inputs in a 
key debounce cycle, which can be programmed by using 
the end interrupt/error mode set command. In this mode 
(special error mode), recognition of the above error sets the 
INT signal to high-level and sets the bit S/E in the status 
word. 

In case 2 key entries are made separately in more than a 
debounce cycle, there would be no problem, as key de- 
pression is clearly identified. And no problem exists for 2- 
key lockout, as the both keys are recognized invalid. 


Example of error (Special error mode) 


KEY SCAN 
CYCLE 


KEY 1 LI LJ LJ 


KEY SCAN 
CYCLE 


KEY DEBOUNCE CYCLE 


KEY 2 





3. Sensor Matrix Mode 

The key debounce logic is disabled in this mode. As the im- 
age of the sensor switch is kept in the FIFO, any change in 
this status is reported to the CPU by means of the interrupt 
signal INT. Although a debounce circuit is not used in this 
mode, it has an advantage in that the CPU is able to know 
how long and when the sensor was depressed. 

In the sensor matrix mode with the bit E = 0 of the end inter- 
rupt/error mode set command, the second most significant 
bit of the status word (S/E bit) is set to 1 when any sensor 
switch is depressed. 

Any sensor change detected by the M5L8279P-5 in one key 
scan cycle causes only once INT generation at the first tim- 
ing of the next scan cycle. 

4. Strobe Mode 

The data is entered into the FIFO from the return lines (Ro~ 
R;) at the rising edge of a CNTL pulse. The INT goes high 
while any data exists in the FIFO, in the same manner as in 
the keyboard mode. The key debounce circuit will not 
operate. 

Formats of data entered into the FIFO in each of the above 
modes are described in the following: 


Keyboard matrix 


MSB LSB 
[SSS ENCODED RETURN 
CNTL SHIFT INPUT 


SCAN TIMING SIGNALS (So, S;, AND So) 


Sensor matrix mode 
MSB LSB 


SUCCINIC 


CNTL AND SHIFT INPUTS ARE IGNORED 


Storobe mode 
MSB LSB 


[Rr] Re] As] Re] Ra] Pe] i] Po] 


CNTL AND SHIFT INPUTS ARE IGNORED 
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DISPLAY INTERFACE 

The display interface is done by 8 display outputs (OA) ~ 
OA3, OBy ~~ OB3), a blanking signal (BD), and scan timing 
outputs (So~S3). 

The relation between the data bus and the display outputs is 
as shown below: 


Dz De Ds D, D3 D» D, Do 
| | | | } 4 | } 
OA3 OA2 OA; OA, OB; OBz OB; OBo 


Clearing the display RAM is not achieved by the reset signal 
(9-pin) but requires the execution of the clear command. 
The timing diagrams for both the encoded and decoded 
modes are shown below. 

For the encoded mode, a 3-to-8 or 4-to-16 decoder is re- 
quired, according to whether eight or sixteen digit display 
used. 


(1) Encoded mode 
So LULU LL LLL 
Pw 
ON a es 
7 OE cana OO ae 
SO cae 0 
(2) Decoded mode 
- OU ULL 
Pw 
ae a ae acer 
a a 
ee ee 


Note 4 : Here Pw is 640us tf the internal clock frequency is set to 


100kHz. 


Timing relations of So, BD, and display outputs (OA >~ OAs, . 
OBy~OB3) are shown below. 


es | ff Lf 
(Encoded 





mode) 
BD 
OAo~ OA3 WA (N-1)th A NY N+1)th 
OBo~ OB; Yj DATA [J DATA Yj pata 
Note 5 : Values of the output data shown in the slanted line areas are 


decided upon the clear command executed last to become 
the value of the display RAM after the reset. The values in the 
slanted areas after reset will go low-level. In the same man- 
ner, the values OAp ~ OA3, OBy ~ OB3 are dependent on the 
clear command executed last. When the both A and B are 
blanked, the signal BD will be in low-level. 
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KEY ENTRY METHODS 
1. Left Entry 
Address 0 in the display RAM corresponds to the leftmost 
position (S3S2S;Sp = 0000) of a display and address 15 (or 
address 7 in 8-character display) to the rightmost position 
(S3S2S;So = 1111 or S2S;So = 111). The 17th (9th) character 
is entered back into the leftmost position. 
Auto-increment mode 

14 15 DISPLAY RAM 


Oo 1 
Since oes ee ADDRESS AS SEEN 
ist entry = TT as 


FROM THE CPU 


14 15 


QO 1 
ma enty [2] ~~~] 11 
0 1 a 14 15 
16th entry Se assay 
0 1 eae 14 15 
17th entry 


Si}e 


18th entry 17 


LEFT ENTRY 


Auto-increment mode 


0 12 3 4 5 6 7 DISPLAY RAM 
ADDRESS AS SEEN 
0 123 4 5 6 7 
and entry |{1}2] | | | | | | 


Execution of a 


the command Propet ete hte] 





2. Right Entry 
The first data is entered in the rightmost position of a dis- 
play. From the next entry, the display is shifted left one char- 
acter and the new data is placed in the rightmost position. A 
display position and a register address as viewed from the 
CPU change each time and do not correspond. 
Auto-increment mode 

14 15 0 DISPLAY RAM 


Ie 2 
ane ADDRESS AS SEEN 
ist entry = [TT 


FROM THE CPU 
15 0 1 


23 
Ee 


2nd entry 
3rd entry 


13 14 15 


14 15 0 


0 1 
le] 
1 2 tees 
DD 

2 3 eee 15 0 1 
Lata] [isis 


16th entry 


17th entry 


18th entry 


Auto-increment mode 


1 2 3 4 5 6 7 QO +DISPLAY RAM 
ADDRESS AS SEEN 


Ist entry BERBERS FROM THE CPU 
23 4 5 6 7 0 1 
and entry | | | | i | fe 


Execution of a a a 


1001010 EReeeee 
ENTER NEXT AT LOCATIONS 5 AUTO-INCREMENT cco eee eee 
_ tt ih cee Ss ENTER NEXT AT LOCATIONS 5 AUTO-INCREMENT 
aes ; ; 3 45 670 1 2 
ra entry [te] TT ist T] 3rd entry BRR ere 
012 3 4 5 6 7 
4th ent fitz] 7 7 [ata] | 3 Tat Tie 
ony. Ce a ales Rea 4th entry ate a ee 2 ah 
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ABSOLUTE MAXIMUM RATINGS 


l 
oO 





















With respect to Vss 


bv | Input voitage 
b Vo Output voltage 
r Pq | Maximum power dissipation Ta=25C 1000 


V 

V 
Operating free-air temperature range —20~75 
=e0~150 
RECOMMENDED OPERATING CONDITIONS (Ta=—20~75°C , unless otherwise noted.) 


Parameter 
| Min | Nom | Max 


Supply voltage (GND) 















ELECTRICAL CHARACTERISTICS  (Ta=—20~75 , Voc=5V+10%, Vss=OV, unless otherwise noted.) 


Symbol Parameter Test conditions a Unit 
Typ | Max_| 


High-level input voltage, for return line inputs PEE pf 
vers] 















Max 
as eee 
x 
High-level output voltage, interrupt request output lon=—400uA aoe ae 
Low-level output voltage lot =2. 2mA E eas 
ae 

eel 
10 
10 


Input current, return line inputs, shift input and control Vi=Vec in a 
ICRL) 


0. 45 










Vi=Voc 


2.2 
2.0 
24 
3.5 
ers 





Vo=Vec 
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TIMING REQUIREMENTS (Ta=—20~75°, Vcc=5V+10%, Vss=OV, unless otherwise noted.) 


Read Cycle 
ymbo arameter est conditions Unit 
Min | Typ 


cs 

co a 
250 [J 
a 

Pacis (aia 

















Address setup time befor RD | 0 | 
Address setup time after RD 


Write Cycle 


Limits 
Symbol Parameter Test conditions 


Cie Tt 
150 














p Max 


< 





7 
7 
760 
ol 


Other Timing 


: Limits 
Symbol Parameter Test conditions 


For an internal clock frequency of 100kHz 















@ Key scan cycle time: ~ 5.1ms @ Single digit display time: 490us 
@ Key debounce cycle time: ~10. 3ms @ Blanking time: 150us 
@ Single-key scan time: 80us @ Internal clock cycle: 10us 
@ Display scan time: ~10.3ms 


SWITCHING CHARACTERISTICS (Ta=—20~75C . Voc=5V+10%, Vss=OV, unless otherwise noted ) 


Symbol Parameter Test conditions Unit 


Output enable time after read P| 
Output enabli time after address C_=150pF hd 
Output disable time after read 


Note 6 : A.C Testing waveform 










Input pulse level 0. 45~2. 4V 2.4 
Input pulse rise time 20ns 7 Z 
Input pulse fall time 20ns 0. 45 0.80.8 
Referens level input Vin=2V, Vi. =0. 8V 
output Von=2V, Vo_=0. 8V 
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TIMING DIAGRAM 


Read operation ter) 


= meaunl = 
tezv(R—pa) 'pvz(r—pa) 
tezv(a—pa) 
= awe 
Qs 
[Ct sC‘S 
J/ 


CS, Ao 4 


a 


\ 


VN 


Do~ D7 
(DATA OUTPUTS) 


if 


Write operation 


te(w) 


WR 
= 


fo 


tsu(pe—w) 


Do~ D7 
te(¢) 


Clock input 


al 
B 
= 


thiw—pa) 





CLK 
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DISPLAY (This example is encoded display, left entry mode with internal clock cycle 10sec. Scan timing output Sz, S3 are not shown.) 


S) 


Ro~ R7 


OAo~OA3 


OBo~OB7 


640us 


80us 


40us (Note 7) 





Note 7 : The scanned data on the return line is sampled serialy from Ro to R;. Each data is latched in the middle of the each sampling period. 
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APPLICATION EXAMPLE 








CONTROL 






8 X 8 KEY 

SHIFT KEYBOARD 

RETURN 8-Row MATRIX 
KEY 


CODE 
















8 LINES 






INT 


BIDIRECTIONAL 
B 


8 US 
ou 
@ 

0 R 1 
9 







INTERRUPT REQUEST 





DATA BUS Do~ D7 











GND(0V) 
(Note 8 ) 


M5L8279P-5 








8-BIT 
MICROPROCESSOR 
SYSTEM 







4 
ey, 
W Awa 


CONTROL 














4-16 DECODER 


(Note 8) 
DRIVE 


ADDRESS BUS | 










CLOCK 16 





M5L8085AP 





BLANKING ADDRESS 










DISPLAY 


DATA DISPLAY 
16-DIGITS 






Note 8 : When using an 8-bit character display of more than 9 digits for the decoder display, it is necessary to provide 
two decoders for example 4 +10 decoder, 4 +16 decoder and key scan 3 — 8 decoder. 
Only So, S; and Sz may be used as inputs to the key scan3— 8 decoder. 
(Don't drive the keyboard decoder with the MSB of the scan line ) 
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1. INTRODUCTION 

Mitsubishi Electric's |microprocessor-support CMOS 
peripheral LSI devices are compatible with current NMOS 
peripheral devices, and feature the additional advantages 
listed below. 

@ Low power dissipation 

@ Wide supply voltage range, Voc=5V+10% 

@ Wide operating temperature range, Ta=—20~75C 

@ Improved timing conditions 

Due to these advantageous features, CMOS peripheral de- 
vices can be used to replace conventional NMOS devices 
in their typical applications, and can additionally be used in 
applications requiring low power dissipation. 

The following sections describe the basic characteristics of 
Mitsubishi Electric’s CMOS peripheral LSI devices for mic- 
roprocessor support, and explain precautions and methods 
of use. 


2. BASIC CIRCUITS AND 

CONSTRUCTION 
The internal circuitry of CMOS devices consist of both p- 
channel and n-channel transistors. 
There are two types of NMOS transistors. In the depletion- 
type, drain-to-source remains on even when gate-to-source 
voltage is OV, and with the enhancement-type device, drop- 
ping gate-to-source voltage below the threshold voltage 
level turns the transistor off. CMOS devices employ the en- 
hancement type, regardless of whether they are p-channel 
or n-channel devices. 
Fig. 1 shows the typical inverter construction, which is the 
basis of CMOS peripherals and Fig. 2 illustrates its equiva- 
lent circuit diagram. 


PROCESS TECHNOLOGY 


Silicon Gate N-Well CMOS 


Protection layer 


Substrate P~ (GND) 


Fig. 1 Single-stage inverter construction 





3. OPERATIONAL DESCRIPTION 
Fig. 3 illustrates what happens when supply voltage (Vcc) is 
applied to the circuit shown in Fig. 2, varying input voltage 


from Vss to Voc. The Vo curve indicates the change in out- 


put voltage and supply current (Icc). 
As illustrated, these characteristics depend on input vol- 


tage, so can be better understood by dividing V, into three 


regions, I~. 

I : In this region, only the p-channel transistor T, is on, so 
that the Vo output voltage becomes Vee. In this condi- 
tion, practically no current Ico flows. 

II : In this region, Vo varies in accordance with V,. When V, 
is increased from region I, the n-channel transistor T, 
begins to turn on, so that Vo gradually decreases and 
at some point begins to decrease rapidly. The value of 
V, at this point of rapid Vo decrease is Known as the 
circuit threshold voltage. 

When this voltage is exceeded, as V, is increased, Vo 
approaches Vgs. 

In the region II, Vo is determined by the ratio of the on 
resistances of T; and To. 

loc is always flowing in this region, and becomes max- 
imum when V, is at the circuit threshold voltage. 

Il : In this region, since only T, is on, Vo becomes the vol- 
tage Vss. In this region, as was the case for region [, 
virtually no loc current flows. 





< 
Q 
Qo 


Output voltage Vo 


Input voltage V, 





Fig. 3 Single-stage inverter voltage transfer and supply 
current vs. input voltage characteristics 
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4. TRANSFER CHARACTERISTICS AND 
POWER DISSIPATION 

For COMS devices, the circuit threshold voltage is approx- 

imately one-half of Voc. Contrasted with NMOS logic, 

where threshold voltage is a fixed level not related to supp- 

ly voltage, ideal transfer characteristics can be achieved. 

In order to maintain compatibility with the conventional 

NMOS devices, transfer characteristics of CMOS peripher- 

als |/O circuits have been established at TTL level. 

Fig. 4 illustrates input voltage Vi, versus supply current Icc 

for M5M82C55AP-2. Here, when Vin reaches 1.3 to 1.5V, 

the resulting switch in internal circuits causes a sharp in- 

crease in Ico flow. 


(PORT-Ap MODE 0 INPUT) 





Fig. 4 Input voltage vs. dissipation current 


MSM82C55AP-2 


In a CMOS curcuit, since p-channel and n-channel transis- 
tors are connected in series between the Voc and Vgg, as 
long as gate voltage is at the Vcc or Vss level, one of the 
two transistors will be in an off state. Consequently, fixing 
the input pin at the Voc or Vss level causes the static dis- 
sipation current (Icc) flow from the Voc to Vsg pin to consist 
only of p-n junction leakage current. As a consequence, the 
per-gate static dissipation current remains at about 50pA at 
Ta=25C, and will not go over more than a few nanoam- 
peres even at Tg=85C. This is the primary reason behind 
CMOS devices low power dissipation. 

Note however that power dissipation does increase when 
CMOS circuits are used in the switching mode. As was 
mentioned in the transfer characteristic description, tran- 
sients in the input voltage cause current to flow from the 
Vcc to Vss. The amount of current flow increases relative to 
higher Vcc values and operating frequency. Additionally, 
when capacitive loads (load capacitance also varies de- 
pending on the number of fanouts) are connected to the 
device, charging currents will be requied, which also in- 


creases power dissipation. 

The MSM82C55AP-2 illustrated in Fig. 4 has parallel- 
connected I/O ports, and is relatively limited in switching 
operations. However, devices such as the programmable 
timer M5M82C54P are subjected to constant clock opera- 
tions, and the current flow for each CMOS circuit must be 
added to get the total for the device. As shown in Fing. 5, 
currnet dissipation increases along with increases in oper- 
ating frequency. 


Voc=5V 
DUTY=50% 


IM 2 5 8 10M 





Fig. 5 Operating frequency vs. power dissipation 
M5M82C54P 


The power dissipation characteristics of DMA controller 
M5M82C37AP-5 are illustrated in Fig.6. 





Fig. 6 


Operating frequency vs. power dissipation 
M5M82C37AP-5 
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5. NOISE MARGIN 

As was noted in section 4, |/O levels for CMOS peripheral 
LSI devices have been established for TTL interface com- 
patibility. Fig. 7 shows a comparison of DC noise margins 
when CMOS peripheral devices are interfaced with other 
logic devices. As seen here, with CMOS-to-CMOS inter- 
faces, Vin(min) remains very tolerable. However, since the 
CMOS peripheral device standard provides for TTL inter- 
face, Vou(min) is defined for states where Io, flow is sub- 
stantial (lo4 = — 400uA). When actually connected to a 
CMOS logic gate, the required value for Ioy is only the 
small current required to drive the gate-to-gate capaci- 


Vou min 


& 


Sh TE Bee e ree ine oe 
seg OPE a of? 4, x 
pe of 


> 
ee 
@ 
> 
= 
® 
ro.) 
@ 
= 
} 
> 


CMOS peripherals LSTTL (Note 1) 


TTL level, 
Vou min=2. 4V 


Fig. 7 DC noise margin comparison (Voc=5. 0V) 


Vou (DATA BUS)(V) 





Fig. 8 Von characteristics M5M82C55AP-2 


tance. So Vin min) for a CMOS gate satisfies this require- 
ment with room to spare. Fig. 8 shows the Vo, characteris- 
tics for the M5M82C55AP-2 data bus. As seem here, the 
margin between the standard and actual performance is 
substantial. 

Low-speed CMOS gates have high internal propagation 
delay times, which further increases their noise margin. 
However, the CMOS gates used in peripheral devices still 
hold delay time to less than 1ns per stage. They are there- 
fore capable of responding to pulses which transient at ex- 
termely high speeds, and noise margins are as good as 
similar type NMOS devices. 


Vin min 


High-speed CMOS 
74HC series (Note 2) 


Standard CMOS logic 
4000B series 


Note 1: TI 
2: JEDEC Voc=4.5V 





6. FANOUT 

The drive capability of CMOS peripheral devices generally 
exceeds that of NMOS logic devices. Drive capability at 
“H” level is noticeably better than NMOS. This defference 
between logic types provides a slight difference when 
actually applied to driving a load such as a transistor, and 
the value of the load resistance can affect fanout capability. 
This point will be covered in more detail later. 

For reference purposes, Vo, characteristics of 
M5M82C55AP-2 is illustarted in Fig. 8, and the “L” level 
drive capability of MSM82C55AP-2 is illustrated in Fig. 9. 
When driving a MOS-IC with a peripheral LSI, since it is 
only necessary to drive the input leakage current of the 
DC-connected IC, fanout capability is quite good. However, 
where devices having many components (e.g., data bus, 
etc.) are connected, the stray capacitance of the wiring and 
device input capacitance (generally about 5pF) must also 
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be driven, so signal switching response is slower. In this 
case, the load (s) to be driven must be divided (or allo- 
cated to several devices) as with previous devices. 


S 
@ 
_~ 
a 
< 
- 
<x 
Q 

J 

fe) 
> 


lo. (DATA BUS) (mA) 


Fig. 9 lor-Vor characteristics MSM82C55AP-2 

7. INPUT CIRCUIT 

Fig. 10 shows an equivalent circuit diagram of the input cir- 
cuit for CMOS peripheral devices. The gate oxide layer of 
the transistors is extremely thin, and high voltages applied 
directly to the gates are likely to rupture their insulation, 





causing permanent demage to the device. To prevent gate 
damage, the diodes and input resistor shown in the dia- 
gram form a protection circuit. 

Since threshold voltage for the input transistor is set at 
approximately 1.5V, as noted in section 4, if the input vol- 
tage is held at this level, a through current starts to flow 
from Voc to Vss. In systems where low dissipation current is 
required, this characteristic can cause problems in the de- 
sign of the power supply. 

Where a data bus is left floating, through current is likely to 
become a particular problem, so bus lines should be fixed 
at a certain level with a pull-up (or pull-down) circuit hav- 
ing high resistance values. 


VrH==l.5V 


( at Voc=5V) 





Fig. 10 CMOS peripheral device input circuit 
(equivalent diagram) 


DATA BUS TIMING 


th 


~, STABLE / 


} 


Address, CS 


DATA (INPUT) 


ts, th=Ons 


* MSM82C51AP, MSM82C55AP-2, M5M82C59AP-2 


Fig. 11 Bus timing characteristics 





Address, cs 


DATA (OUTPUT) 


Address, CS 


tpzv(R—pDa) 


\ VALID 


DATA (OUTPUT) 


ts, th=Ons 
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8. TIMING CHARACTERISTICS 

The timing conditions between the system and CMOS 
peripheral LSI devices have been improved over their 
NMOS type counterparts. Improvements include better 
setup and hold times, and microprocessor interfacing is 
easier. Fig. 11 summarizes there differences in comparison 
form. Whereas NMOS devices required ts and th time, 
these have been eliminated with CMOS peripherals by set- 
ting ts and th Ons. 


9. USAGE PRECAUTIONS 
(1) Dealing with NC input pins 
Leaving unused input pins open results in instability input 
voltage, which in turn can produce errors in output logic 
levels and increase current dissipation. Unused input pins 
should therefore be tied to Vcc or Vss. 
(2) Voltage supply lines 
Power dissipation of CMOS peripherals whose internal 
changes are small such as M5M82C55AP-2 and 
MSM82CS59AP-2 is extremely low. However, the through 
current spikes that occur during switching are dealt with 
using the traditional method applied to older ICs; by reduc- 
ing power line impedance to filter the spikes. Penetrating 
currents flow in the form of spikes during switching. In the 
M5M82C37AP-5, large spike currents flow when a clock 
pulse caused the state of many output pins to change 
simultaneously. Therefore, as with previous CMOS LSls, it 
is necessary to lower the impedance of the power supply 
circuit to absorb the spike current in the supply current. To 
accomplich this, each device should be fitted with a cera- 
mic capacitor (having good high frequency characteristics 
and a capacitance of approx. 0.14uF) wired close between 
Voc and Vgs. 
Also, when devices such as MS5SM82C55AP-2 are used with 
a high current drive circuit connected to output, power lines 
should be run independently from the logic system and 
driver circuit to reduce adverse affect on the logic system. 
(3) Latchup 
CMOS LSls are subject to a phenomenon known as latch- 
up. All CMOS circuits have parasitic bipolar transistors with 
a thyristor- like structure. If one of the parasitic thyristors is 
triggered by an external surge, it turns on and excessive 
current continues to flow even after the surge is removed. 
Latch-up currents are large and may destroy the LSI unless 
they are reset by lowering the supply voltage to a certain 
level, (the holding voltage of the parasitic thyristors) or by 
turning off the power supply. 
Latchup occurs under the five conditions listed below. 

(a) Vi>-VoectVe 

(b) Vo>VectVe 

(c) Vi<Vgs—VF 

(d) Vo<Vss—Ve 

(e) Excessive Voc 


Ve:Forward voltage of the clamp- 
ing diode used at input. 
Conditions (a) or (c) 
@ When using a dual power supply 
When dual power supplies serve CMOS logic devices, dif- 
ferences in the rising edge of the power line signal tend to 
cause latchup. This can be eliminated by using a series 





Fig. 12 Preventing latchup when dual power supplies 
are used 


connected resistor (R) to limit current flow to a maximum of 
10mA. (Refer to Fig. 12) 

@ When using differential circuits 

When differential circuits are used, it is possible for input 
voltage to exceed Vcc or Vss, which could result in latchup. 
In this case, use a diode for voltage clamping, combined 
with a resistor (R) to limit current flow. (Refer to Fig. 13) 

@ When driving large current circuits 

When connecting transistors to CMOS output and operating 
large current circuits (e.g., relays, motors, etc.) of the same 
power supply as the CMOS device, coil reactance will pro- 
duce voltage spikes at switching time. This causes fluctua- 
tions in the power supply voltage, which can cause the con- 
dition V; > Vcc. Where possible, separate power supplies 
should be used. If a common power supply must be used, 
power supply impedance must be lowered by connecting a 
capacitor (0.01~0.22uF) having good frequency character- 
istics between Voc and Vss. 

Current should also be limited by connecting a resistor (R) 
to input. (Refer to Fig. 14) 
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No diode 


Cc 
No diode 


- Voc 
Diode used Vie Diode used 
Se Ge an I SS ea Vss 


Fig. 13 Preventing latchup when using differential circuits 





Condition (e) 

Condition (e) can be created by exceeding the absolute 
maximum voltage ratings at the Vcc pin. Also, even though 
Voc is within the recommended operating conditions, de- 
vice latchup can be caused by the surge voltage superim- 
posing at power ON, or crosstalk between lines. The vol- 
tage at Voc should never exceed absolute maximum rating 
values under any circumstances. 

Provisions should be made to reduce power ON surge vol- 
tage to a minimum, and as described in section 6, a capaci- 
tor should be connected beteen Voc and Vss to reduce im- 
pedance in the power line. 


Voc HA}- —— = Voc No capacitor 


Vo g ame aed =  Voo ~Capacitor used 


Fig. 14 Preventing latchup when driving large current 





circuits 


Conditions (b) or (d) 

Applying a constant voltage to an output pin is not one of 
the normal usage configurations of a CMOS device, but a | 
. Capacitor connected between output and Voc (or Vss) ! 
would be a cause for latchup. This is due to the high impe- 
dance created in the power supply line, combined with the 
fact that switching the power supply on and off produces 
fluctuations in the power supply line which causes the 
Capacitor to discharge a trigger current. 
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(4) The differences in CMOS and NMOS peripheral 
LSis 
The basic characteristics of CMOS devices allow them to 
be used as replacements for NMOS logic devices without 
significant modifications. But the fact that improvements 
have been mode in the characteristics of CMOS devices 
can cause problems when these devices are used in cir- 
cuits designed for NMOS. The example below shows such 


MSM82C 
SSAP-2 


(a) Driving an NPN transistor using a parallel port 





a case. 

Transistor drive using a parallel port 

Fig. 15 (a) shows an example of an NPN transistor con- 
nected in series and being driven by parallel port 8255A. 
The load R, and base resistor Rg establishes the operating 
point as illustrated in Fig. 15 (b). 


Ip, (CMOS) 


loi 7777 77 


Po; >>Poo 


Poy=lo1 * Veet 


Load resistance R, 


leo (NMOS) 


Poo=lce° Vcee2 


Voce 
VoeEt Voce2 


(b) Transistor output characteristics 


Fig. 15 Driving an NPN transistor using M5L8255AP-5 or M5M82C55AP-2 


Fig. 16 illustrates the difference in output characteristics for 
CMOS and NMOS 8255A devices. As noted, the CMOS 
8255A has better drive capability, and provides a higher 
base current to the transistor. Consequently, dependig on 
Rg and R,, power dissipation ratings Pc. of the transistor can 
be exceeded, or drive current may simply be higher than 


low (mA) 
l3==For a base current lz of —1mA, the difference in Voy !s 


approx 1.5V 





Fig. 16 M5L8255AP-5/M5M82C55AP-2 Vox, output 
characteristics comparison 


its limit. 

The same problem may occur when driving PNP transistors. 
Fig. 17 shows a comparison in Vo, characteristics. But here, 
the difference between NMOS and CMOS is smaller than 
for Von, 0 the problem should not be as great 





Fig. 17 M5L8255AP-5/M5M82C55AP-2 Vo, output 
characteristics comparison 
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DESCRIPTION 


anaes RATION (BOTTO 
M33210GS-20/FP-20(M32/100) is a 32-bit microprocessor 


K J H G F CE C 


PIN CONFIGU 
P oN ML 





M VIEW) 
BA 






designed to be cost effective for real memory support. It 0 © 1 
uses high-level pipeline processing and exception proces- OO 12 
sing (EIT) to achieve a superior processing speed and a . 6 3 
high degree of reliability. 6 oe Nig 
The use of bit map instructions and string instructions allow 6 Bor le 
multi-windowing, while a full range of OS-related instruc- O a } 6 
tions and improved addressing modes allow the creation of 5 O i } : 
the optimum operating systems and support for high-level mone M33210GS-20 ees a 
33 80 119 12 59 8 
languages. 7 5000 oO |9 
The ASSP core is being designed to enable the addition of a2 i Ms 103 2 : 

31 78 17 14 61 10 
peripheral functions. 500 0 0 
FEATURES SSER SEAR BESS SE 
@ Performance : 7MIPS(20MHz operation) 28 75 74 73 72 71 70 69 68 67 66 65 64 13 

‘ , , ©. '© Oe QO OO OOO 
Dhrystone : 13k instructions/second 26 21 19 15 14 





@ Number of basic instruction : 92 

@ Optimized for operating system based on TRON speci- 
fications 

@ 2-level memory access protection 

@® Bit map processing functions for multi-window displays APPLICATION 

@ Branch Buffer (small instruction cache capable of 


selective caching) 256B 
@ Package : M33210GS-20 135pin PGA 


M33210FP-20 160pin QFP (planning) 


Outline 135S8 


I/O controller, Bit map controller. 


PIN ASSIGNMENT 
























































PIN] NAME [PI GODE[PIN] NAME [PIV CODE]PIN| NAME [PIN CODE[PIN] NAME — 
var] ear, Ft | | ana, | «a [ iia) Dw | ut] at] BER 
vas [8G] re] es] aw | Kta | 2) De | no] c6] Sus 
ras Veo Fa 100] Ves] ut | 43] Veo | na] 4] Ta 
ye 
too] Aw | Fi4 | 19] Vos | t3 [125 | HALT | NO | 82] #2 | 
ror] Aw | ot | at vee] te [135 ves [nr] ot | Pom 
| #1 | e2 | | anes ett] bef ne | wo Ves 
| aw | es [vas] toe | tie [1] de | no 70 fe 
Hort aw | eia [iio] 0, [us| 73, be | wio | 70 es 
ne [oie] | bp 14 Ves 77 | De 
[ae [tae | ere [ 16 [ps] me ot | Vee |e 
[er [et Bert) so | News | nse [Vee | eas | my | pt ao] aE 
[wees fe | eat | m2 [| Vee | wes fie | mre sof 
a a 
ees] ae 33 | a] a Veo | wr [120 | Ves a7 | Wee 
Passe) ae re 107 | ves] st | Vee we 1i0 | vee 
| Be | 87] Ves =| DI3 | 66] Veo | Y2 | | Voc | MO |118| Vss | PO | 35| *2 | 
er} se] asp pref | usa | Tac aeSET 
[ee [se] ae] et [a] ves | te 2 |e ite | be | rs] as fuk 
Pee [ avr | ee | ot vee | sts Vee fi is | bs | pe a2 |e 
P~eio [at] ver | es] ai |G 
Ae |e [18 pe | mr a] as | wna | [bw | prt | 20 | Vee 
rar]. [ee fa] ee tte ce] 
“ee repo. fs aa Sg oe 
aac ea (| a as) Se a 
* 1 : Connect to Vcc. 
* 2 : No connect. 
Note. Gmicro™ is a trademark of the G-MICRO group for the TRON specification microprocessors. 
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CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/100) 


BLOCK DIAGRAM 


INSTRUCTION 


FETCH UNIT DATA INPUT/ 


LEE LEMME A LITE AIMLESS Ye qlee DATA BUS 
BRANCH BUFFER OUTPUT CIRCUIT 


INSTRUCTION 
DECODE UNIT ADDRESS 


IPREDICTION TABLE: 


MICRO-ROM AND 


EXECUTION UNIT 
CONTROL UNIT 








a MITSUBISHI 
ELECTRIC 


G micro. MITSUBISHI LSls 


M33220GS-20 


CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/200) 





DESCRIPTION 

M33220GS-20 (M32/200) is a 32-bit microprocessor with 
performance in the middle range of the M32 Family. 

It has on-chip memory management unit and distributed 
on-chip caches, and it can high speed operation by adv- 
anced pipeline processing. 

Rigorous exception-handling facilities provide for error re- 
covery and other system reliability needs. It's instruction set 
includes bit-map and string-manipulation instructions for 
fast text and graphics processing. 


PIN CONFIGURATION (BOTTOM VIEW) 


A 


oh 


M33220GS-20 


o On DO OH BR W LY 


FEATURES 

@ Performance : 7MIPS (20MHz operation) 
Dhrystone : 13K instructions/second 

@ Number of basic instruction : 120 

On-chip cache Instruction cache : 1K byte 
Stack cache : 128 bytes 

Co-processor I/F 


OPO POYMOMOAMOFOHYONO-O 


10 


@ 
ROGBONO=O 


On-chip MMU (TLB 32 entries) 
Optimized for operating system based on TRON specifications Outline 135S8X-A 


Supports the industry standard UNIX'N°©) operating system 

Virtual memory support 

Memory protection for each page achieved through 2- 
level paging 

Bit map processing functions for multi-window displays 

@ Package : 135 pin PGA 


PIN ASSIGNMENT 





Note : UNIX operating system was developed by Bell Research Labor- 
atories of AT&T Inc. and is licensed by AT&T. - 























































































































































Al | Vss | C1 51 | Ag L FL | Aw K12 113 N1 4] Ave 
faz | 2] a | c2 || As | 2 | 9] Voc | x13 | 72 e 
o3 io | A | kta _| 23 
[aa [ «| BC, | cs | | oc | Fa [to] o | u | 
eof ac, | ts | 68 
ee i 
[as 8] Ves 10 
[ae | 9| #2 | ce [10] coe | Gs |i 
[aio | 10) as, | cio |i] cpoc | ana 

Att 105 | BERR Giz | 69 | 

A12 12 | AS, | Leen | | CPST, | | G4 | 20 

A13 aac ec tet re 

ara | 4| Ves | cia | 16| Veo | H2__| 91 
pet | | Ves |. 01 | 50] Ay | 4a 
o5 m1 
132 
Bc; | pi | 133) b.» | _Hi4 
BS 7 | 0, | wt | 
Fes sr] noao | ois | 66| ds | v2 | 0| Aw | 
8] BAT) | 014 | 17| De | v3 | 1a7| Aw | iO 
Pee | 0) wart | e2 | | Aw | st3_ | | Dw | M2 [115] Das 

Bio | 61| RETRY | £3 | 131 W414." 22 1 Dia M13 | 74] Vss 
Ki | | Aw | _Mia_| 25 | Drs 
E13 eo | An 
Peis fea] Ves | et | 18) Dy | Ka | 126| Ax 
* 1 : Connect to Vgs. * 2 : Connect to Voc * 3 : No connect. 


Note Guicro™ is a trademark of the G-MICRO group for the TRON specification microprocessors. 
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M33220GS-20 


CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/200) 


BLOCK DIAGRAM 


INSTRUCTION j CONTROL UNIT 
CACHE 
INSTRUCTION 


INSTRUCTION 
PREFETCH UNIT MICROPROGRAMS 
BRANCH DECODE UNIT 


WINDOW 





EXECUTION UNIT REGISTERS 


MEMORY MANAGEMENT UNIT 


INPUT/OUTPUT CONTROL UNIT 


STORE BUFFER 


STACK CACHE 


ADDRESS BUS DATA BUS 
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M33230GS-20 


CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/300) 





DESCRIPTION 

M33230GS-20 (M32/300) is the high-end processor of the 
three microprocessors. It is a 32-bit microprocessor that not 
only boasts approximately double the performance of the 
M33220GS-20 (M32/200), but also includes such additional 
features as an on-chip cache, MMU functions, and decimal 
arithmetic instructions. 


FEATURES 
@ Performance : 14MIPS (20MHz operation) 
Whetstone ©: 5MWIPS (20MHz operation 
with FPU) 
Dhrystone : 27K instructions/second 
@ Number of basic instruction : about 110 
@ On-chip cachee Instruction cache : 2K bytes 
Data cache : 2K bytes 
@ Co-processor I/F 
@ On-chip MMU (TLB 128 entries) 
@ Optimized for operating system based on TRON speci- 
fications 
@ Supports the industry standard UNIX ‘N*%®) operating 
system 
@ Multiple virtual memory support 
Package : 179 pin PGA 
@ TTL compatible 


Note : UNIX operating system was developed by Bell Research Labor- 
atories of AT & T Inc. and is licensed by AT & T. 


APPLICATION , 
Engineering workstation, office workstation and Supermini- 
computer 


PIN CONFIGURATION (BOTTOM VIEW) 













Vv UTR PNM LK SHG F E DCB A 
OO OO O 
O-O- OO: (O:-O O 
OO000 0 O 
O00 0 oO 
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OOO OO 
OOO OO 
Olas) OO 
eee M33230GS-20 ie 
OO 90 OO 
OO 0 oO O 
OOO O O 
OO 0 OO 
OOO OO 
OOO 0 OO 0 
OO0O0O0O O00 0 0 0 00 0000 
OF POO OOO WO OP Oe OO Oe Oe Oe 3 
OO 00 COO OOO OOOO 














Outline 179S8X-B 


Note Gmicro’™ is a trademark of the G-MICRO group for the TRON specification microprocessors 
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M33230GS-20 


| CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/300) 





PIN ASSIGNMENT 


NAME PIN CODE NAME PIN CODE 
| Mss | G2 








PIN CODE 
A2 
A3 
4 
5 
6 
7. 
8 
9 
A10 


NAME PIN CODE NAME 


PIN CODE NAME 
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* 1 : Connect to Vcc. 
* 2 : No connect 
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M33230GS-20 


CMOS 32-BIT PARALLEL MICROPROCESSOR (M32/300) 


BLOCK DIAGRAM 


INSTRUCTION 


CONTROL UNIT 
INSTRUCTION 
QUEUE DECODER 7 PIPELINE CONTROL 
MICRO-PROGRAM 


INSTRUCTION 
EXECUTION 
UNIT 


ADDRESS REGISTER 


GENERATION FILE OPERATION BLOCK 
BLOCK - a 


MEMORY 
MANAGEMENT 


UNIT INSTRUCTION ACCESS OPERAND ACCESS 


CONTROL BLOCK CONTROL BLOCK 


NSTRUCTION CACHE OPERAND CACHE 


PROTECTION CHECK PROTECTION CHECK 


STORE BUFFER 


BUS 


CONTROL UNIT ae 


ADDRESS MONITOR er 
ADDRESS CONTROL CONTROL 
BLOCK ACCESS COMMUNICATIONS 


ADDRESS BUS CONTROL SIGNAL DATA BUS 


CHIP BUS 
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Gmuicro’ M32 FAMILY PERIPHERAL CIRCUITS 
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M33241GS 


CMOS DMA CONTROLLER (M32/DMAC) 








DESCRIPTION 

M33241GS (M32/DMAG) is an advanced and high per. | PIN CONFIGURATION (BOTTOM VIEW) 

formance DMA controller capable of accessing a 32-bit F BA 

address space. It has four DMA channels, each of which o ° 1 

can be set independently to single or dual address mode, 0 9 2 

cycle steal or burst mode. Continuous transfer of several S12 

blocks by descripter chain is also possible. Data transfer 2 [ 4 

can be performed in units of byte, halfword, or longword. . . = 

The DMAC can also handle transfer from any bus boundary Si . 

and transfer between buses of different sizes. ei 

M33241GS 6a a]? 

FEATURES 4 9" 

@ 4-Channe!l DMA 6 = i 

@ Data transfer is possible between two independent a 66 iM 
buses is 6 2 

@ Communication support function among MPUs on the bus a 68 3 

@ The plural block transfer function by sequencial or link s 68 S 
descripter chain " ee 

@ Possible to set the system bus usage ; 

@ Transfer by means of auto trigger and external trigger Outline 179S8X-A 

@ Four priority mode 

@ Maximum transfer speed 27MB/s at 20MHz operation APPLICATION 

@ Package : 179 pin PGA DMA control of peripheral equipment that require high- 


speed data transfer 


PIN ASSIGNMENT 






















































































a) 
Awe | 68 [105 iu | Veo | _H15 | 2 | ABEN | ma [ico| dD. [pa [oi] oy 
aa | 4[ Aw [C4 ]106| Aw | ea [176 Aw [ot | a] A [ws (te) oy | ps] 0) Dw 
Pas [5 | pate | c5[i07| Aw | E11 [17] Voc v2 | se[ A, | Me [167] Dw | Pe | 89) Veo” 
TA6 [6 | Vee [C6] 108 | Aw | E12 [154] MACK | Jo [30 Ae | wr [168 | Dw Ds 
DC | o7 [109] Bats | es [117[ REG, [Ja [172 | Veo | Me [165| Dev | PO | @7| Des | 
("as | 8 [RERUN] ce [tio] BERR | E14 156 [KHACK| M9 [164 De PO | 86 Da 
CSTR xnw | eS | 19| Nc | sta_|1a1 | HACK 168 | Dy | P10 | 85 | Das 
mas |r| se] Ae | uta | 76[ Ves [mit [tee] #1 pit | ea] Das 
Ves ACKe | Fa [10 za [DHREG| wie [ta | *i | pie | 63] Vee 
aia | 12 [ACK [cre [ia] OBEN | Fa [14 
aia [13 | ACK | 19 | 1 175 7 | BC Pia 
ais [at ow [cra | 70) xcs 55 is PCL WIDTH 
Pais | is [ tack [ors [17 | Rea, | Fo [ 1 BC, BC, |r| 3] O 
epi | te Ave bi) Se Wen Ki2 [159 | Voo | _N2 | | De [a2 | | Dy | 
[a2 [ 57 | Vee [02 | 108 | Veo | F158 [20] Vee | Kid | 122 [KHREG| No [ia5[ p, | cs | a] Dw” 
ee xia 77 | HREG | Na |134[ De [4 | 40] Ves | 
Pea [50 A Aw | G2 [100] Veo | Kis | 24 [DHACK| NE [133 De | os | 39] Ds 
[as [| Aw [05 ]146| Veo | a3 [va Ar [tt | a7] Ves { N6[132] Veg | 08 | 33) Dw 
[es] et | Aw | 06 |1a7| Ves | a4 [174] A | 2 | 96 | BC, | _N7 [15 
BLOCK 156[ Veo [13 |137| Veo | NA [10[ Deo [8 | 36 | Ves | 
KDC [De _[ 149 | TORDY 170[ 0, | N9 [129] Doe [ca | | Das 
[ee |e | Rw | ve | is0| bone | avs 179 [De | N10 [128] Dee 10 | 34| Veo 
Peio | | as | Dio [isi| xos | ais | a1 | XAN 127 | RESET 
Tait | [bs [pn |1s2 | Ves Lia [160 | Ves | Ni2 [rs [ #1 | a1 Ves 
KDIN | H2 [99] Ves | L1¢ [123] PCL, 
Bie | @8 | KOBEN cs ia xno | wis | eo | #2 [or | 30[ #3 
pis | 6] no | ov | 71[ REG | Ha is [as ima | Nis | 27 | Po, | ave | oo] #1 | 
rats [6 REG | oe [we] ves | mi2 [is] AN | mm | | veo 1 [al o | |. 





* 1° Connect to Vss 
*2 : Connect to Vcc 
* 3 : No connect 


Note. Gmicro’™™ is a trademark of the G-MICRO group for the TRON specification microprocessors. 
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CMOS DMA CONTROLLER (M32/DMAC) 


BLOCK DIAGRAM 


INTERRUPT BUS CONTROL  38US ARBITRATION DATA CONTROL EXCEPTION 
REQUEST SIGNAL SIGNAL CONTROL SECTION SECTION CONTROL SIGNAL 


INTERRUPT PIN | fe ARBITRATION a i EXCEPTION 


CONTROL CONTROL CONTROL DATA CONTROL CONTROL 
SECTION SECTI SECTION 
SECTION 
eee SECTION 


COMMUNICATION 
CONTROL SECTION ORE CONTROL 


TRANSFER — TRANSFER 
REQUEST 


BEQUE! REQUEST 
GATE COUNTER 
SIGNAL SEQUENCE CONTROL "| CONTROL 
PERIPHERAL cen ge io nk 


EQUIPMENT _. SIGNAL 
CONTROL TRANSFER 
SIGNAL OPERATION 

CONTROL 

SECTION 


TRANSFER REQUEST 
CONTROL UNIT 
MICROSEQUENCE CONTROL UNIT 
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M33242SP/) 


CMOS INTERRUPT CONTROLLER (M32/IRC) 





DESCRIPTION 

M33242SP/J (M32/IRC) is an interrupt request controller 
(IRC). It controls local and bus interrupts and interrupt vec- 
tors in a system based on the Gwmicro family MPU 
(M33210GS-20/FP-20, M33220GS-20, M33230GS-20). 

It comprises both the IRG (Interrupt Request Generator) 
that processes external interrupt requests, and the IRH 
(Interrupt Request Handler) that processes interrupts from 
several IRGs. 


PIN CONFIGURATION (TOP 


It can also be used with a VME bus. Daw 
LIRo 

LIR, 

FEATURES om 
@ Seven local interrupts and seven bus interrupts (only OR 
IRH) Lin, 

@ Cause of interrupt can be expanded LIRs 
@ Fast interrupt acknowledge daisychain LIRe 
@ Interrupt Generator (IRG) function and Interrupt Hand- Vss 
ler (IRH) function BSEL 

@ M32/IRC can be used with M32 family bus or VME bus pic 
@ Interrupt conditions can be set with each interrupt input 7 
@ Interrupt polling is possible ACKOUT 
@ No initialization required after a reset, immediate recov- NC 
ery to interrupt handling ready condition NC 

@ Irregular interrupts can be handled NC' 
@ Maximum operation frequency : 20MHz LIKSTB 
@ Package :! M33242SP 64pin shrink DIP IRL2 
M33242J 68pin PLCC die 

IRLo 

APPLICATION Se 
BIR 

Interrupt controller for M32 family BIR, 


M33242J 


Outline 68POX-A 
NC : NO CONNECTION 





Note. Gmicro™ is a trademark of the G-MICRO group for the TRON specification microprocessors. 
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M33242SP/5 


CMOS INTERRUPT CONTROLLER (M32/IRC) 


BLOCK DIAGRAM 


LOCAL LEVEL INTERRUPT BIRo~ BiRe 


INTERRUPT CONVERSION OUTPUT 


INPUT 
IRLo~IRL»2 


LIKo~ LIK, 
VECTOR 
INTERRUPT GENERATION 
INPUT ACKNOWLED- 


GMENT 
CONTROL 


FSEL ——> 


A2ze~Aso 
RAW LIKSTB 
cs ; 
iAGK BUS 


ACKIN INTERFACE 
BSEL 


RESET 
CLK 
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CMOS TAG MEMORY (M32/TAGM) 





DESCRIPTION 

M33243GS-25, -30 (M82/TAGM) is 512 entry X 4 way 
/1024 entry X 2 way TAG Memory fabricated with a CMOS 
technology. 

It has been developed aiming to be used in an easily hand- 
led cache system with the other DATA RAMs. Especially 
this device offers the advantages on designing compact 
and high performance cache system which will be used in 
a system adopting M32 family microprocessors. 


FEATURES 


Parameter 


Miexiaurn from address + 
acces 
from TAG data a eed iene mae 


time(s) 






M33243GS-30 








: 





FEATURES 
@ 512 entry X 4 way or 1024 entry X 2 way by external 


pin selection 

Internal RAM configured as 512 words X 98 bits 
LRU (Least Recently Used) replace control 
Partial purge and full purge functions 

Internal parity generation and check circuit 

Tag data comparison control function 

Coded hit/replace output pin 

Package : 64pin PGA 


APPLICATION 


High performance cache memory system 


Note. Gmicro 





PIN CONFIGURATION (BOTTOM VIEW) 


E C 

O O 

3 5 

O O 

0 61 62 63 64 


—_h 


M33243GS-25, -30 


OSOZVOBOBOKOROBONOBO IA 

OZOROBOLOROSOVOBOBO Ie 

QOLOPONOPOAOFOLYONO-O|> 
ice) Cc NS fo) Oo > WwW po 


—_ 
co 
— 
foe] 
— 
Oo 
—_ 
oS 


Outline 64S8X-A 


PIN ASSIGNMENT 

































PIN es PIN CODE| PIN | NAME [PIN CODE| PIN | 
Tae [Ea C10 TOs | 2 | 58 | MODE 
Faa_| 3 [areers| or _| 34 | Ser 
faa [4 [hers] D2 | 63 
[as_| 5 [anoner,| oo | 46] To, | v5 | 65] me 
SES 2 a eee 
rae Pe |e WRITE 
Cer pse Ca | se | 
a2 [a7 [Hews] F2 | 61 | Vec 
[es | 38 [Hovac| Fo | 48 | TD» | Ks | 26] a9 
[as [40] vec | ct [a | se | Ke [a] As 
[es _[ai | to, | o2 | | se | Ke | 2 
raz | to, [es [49 | TO. | K7 [a Ad 
P43 | to. | Gio [16 | Tow | Ke] a | At 
ra] to, | wt | 30] souk | ka [20 | No 
ri [te, |e [se | viny | to | 19 | NC 
ras fae | He [so] ef | | 
64 [ PeRR| Hio | 17 | Toe {| | | 





* 1 : Connect to Voc 
* 2 : No connect 


is a trademark of the G-MICRO group for the TRON specification microprocessors. 
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) M33243GS-25,-30 


CMOS TAG MEMORY (M32/TAGM) 


BLOCK DIAGRAM 
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SE So” 
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eu nin ne M33244T-16,-20 


CLOCK PULSE GENERATOR FOR M32/200 (CPG/200) 





DESCRIPTION 


M 


for supporting M33220GS-20 (M32/200) systems. With its 
reset contro! function, it adjusts MPU and FPU internal 


33244T-16, -20 (CPG/200) is a Clock Pulse Generator PIN CONFIGURATION (BOTTOM VIEW) 





clock phases. 
V 

FEATURES = 
@ Clock pulse generator for M32/200 systems M33244T RSTCPU 
@ Maximum system clock frequency is 20MHz RSTPS 
@ Reset signal output with ability to adjusts MPU and FPU 

internal clock phases 
@ Reset timing generator for power-on reset 
@ Monitor output to system shows MPU and FPU internal 

elocr Phares Outline 14T4X-A 
@ Package : 14pin can type 
APPLICATION 


Clock pulse generator for M32/200 





BLOCK DIAGRAM 


QUARTZ 
CRYSTAL 
OSCILLATOR 


RSTPS 
GENERATOR 


Note. Gmicro™ is a trademark of the G-MICRO group for the TRON specification microprocessors. 
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 M33245GS 


CMOS CACHE CONTROLLER/MEMORY (M32/CCM) 





DESCRIPTION 

M33245GS (M32/CCM) is a cache controller/memory for PIN CONFIGURATION (BOTTOM VIEW) 

M32 family microprocessors (M33210GS-20, M33220GS-20, P GF A 

M33230GS-20). : dae 

It improves the MPU’s average memory access time. 2 
O 3 
3 

FEATURES an 

@ 16kB real address external cache € 5 

@ No wait reads possible when the cache is hit 0 6 

@ Fast 4 words burst read when the cache is missed O |? 
7 

@ Fully synchronous operation with M32 family processors O M33245GS O ]8 

@® Internal address comparator allows multiple usage é 9 

@ Division into data cache and instruction cache ‘e 

@ Coherency maintained by address monitor S 

@ Purge and freeze functions in way units O 5 

@ Write-through main memory replace e 6 

@ 4-way set associative cache oO S 

@ LRU (Least Recently Used) replace control 13 14 

@ Each line consists of 4 words (16 bytes) and a validity 


bit Outline 135S8 
@ Package : 135 pin PGA 


APPLICATION 
High performance cache memory system FUNCTION 


~ Do~D3, DATA BUS 


ADDRESS 
Ao~Azg Bus 


CLK//CLKf 
//BCLK, 


CLOCK 
SIGNAL 


BCLKs ae aes 
BCo~ BC3 
RESET BATo~BAT2 


_|_ SYSTEM FLOAT R/W 
SIGNAL RETRY BS 


BERR DS//AS> 


NCA M32/CCM DCI//SDCI 
DCO//SDCO| 
CAze~C Azo HACK CONTROL 
EONS SUSB//HALT| S1ON** 
CDS//CAS» Bock 


ASDC BLACKF 


CNCA BURST//BLACKS 


INTERRUPT INT MVIN 
REQUEST SIGNAL —— 
CS LOC 


WAT o~WAT, CBM_ 
CONTROL CTYPEO BCNT 
SIGNAL ~CTYPE1 CNACT 


PINM/REGM ACA 


MODE, INT REQUEST | 


MODE, SIGNAL 


Vcc Vss 


// . Multi function 
Change by mode (MODEy~MODE;) 





Note. Guicro’™ is a trademark of the G-MICRO group for the TRON specification microprocessors 
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M33245SGS 


CMOS CACHE CONTROLLER/MEMORY (M32/CCM) 


BLOCK DIAGRAM 


TAG BLOCK 
VALID BIT UNIT Pa 
ADDRESS 
eee ae (Gees 


<=— 21 bit ——> <___—. 32 bitx4 See 


(VALID BIT) 


J ADDRESS 
sehilaleelea CONTROL UNIT 


REGISTER 


LRU CONTROL CIRCUIT 
it/miss 
(6X256 bit) hit/mi INTERFACE CIRCUIT etc. 


CONTROL SIGNAL 
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M33281GS-20 


CMOS FLOATING-POINT PROCESSING UNIT (M32/FPU) 





DESCRIPTION 

-M33281GS-20 is a high-speed floating-point arithmetic LSI 
unit, and support the extended precision data format of 
IEEE standard. 

The M33281GS-20 is designed to give maximum perform- 
ance as a coprocessor for M32 family microprocessors 
(M33220GS-20, M33230GS-20) . In addition to arithmetic 
operations and square roots, it has elementary function in- 
structions, inner product instructions for fast matrix and vec- 
tor calculations, area discrimination instructions for clipping 
discrimination, graphics oriented instructions and many 
more. 


\ 


FEATURES 
@ Performance (20MHz operation with M33220GS-20) 


Addition or subtraction 0.5us 
Multipulication 0.45us 
Division 1.5us 


Elementary function calculation 
Graphics support 
Conforms to IEEE754 
Fast coprocessor interface 
Comprehensive system functions 
Softwave and system support 
Variety of instruction types 

31 arithmetic related 

21 control related 




























@ 16 floating point operation registers (80-bit) 
PIN ASSIGN 
PIN CODE| PIN | NAME |PIN CODE] PIN | NAME [PIN CODE| PIN | NAME | 
SC aa CPDC | D12 |107| Die | 
Di3_ | 66 | Dro | 
Di4 
| As | 4] Bee | Bis | 64| Ves | ET | 49| Veo | 
R/W Voc 
| Ae | 6] BAT | Ct | St] Voc | £3 [131] Do | 
| a7 | 7] Mss | C2 | 96 | Voc | E12 |108| Dis | 
fas [ 8} nc | ca | 97) Aw | EY 
rao [9 Ves | ca | se | BG, | eve | 18] Da 
Paro | 10 Ves [cs [90 | BC, | rt | ae] Dy 
Veo | 66 | 100-| Ves 
A13 CPSTo | C8 | 102] Voc 109 | Deo 
Ala | 14 F13_ | 68 | Voc _| 
B2 | 53 | Veo De 
E 
s6 | BC; Dy | e3 [iz] | 
| BS | ci | 16| Ves | G12 | 110| Das 
| BE | 87 | Veo Ves | G13 | 69] Dow 
87 po | 35] ob, | at | 20] Dee 
B8 Vss_| D3 | 132| Vss | Ht | 46| De | 
| B9 | 0] CDE | pit 1133] Vos | H2 | 9] Dio _ 





PIN CONFIGURATION (BOTTOM VIEW) . 
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@ Peripheral device mode specifiable (for use when MPU 
lacks coprocessor interface ) 

@ Package 135 pin PGA 
APPLICATION 


Scientific and technical calculations, engineering diagram 
processing 

















CNAME [PWN CODE] PIN NAME [PN CODE] PIN 
Ps | 128 | Di Veo | NO | 79[ Vos 
iit | Veo | _Mi_| 2 | Ves [N10] 78| Veo 
Vee iat] to | Ni | 76] Voc 
re Vee 
pose [a7 |e m2 
Tia | Dag | M7 [120 | Va 
pois | [ay [M8 [119 [Voc | Pa | 38 | CPID. | 
rata [22] Dae [MO [118] Veo | Pa | 37 | Vos 
Ke | a9] Die | mit [116] Voc} P6 | 35|_No_| 
PKS [126 [Dig | MI2 [15 | Voc 
72 Dae | Mia | 25] Da | Po | 3 
rir [as | veo | N? [85 Vee [Pt | 30, 
[mis is | Ves | Na 84 | Crim, [Pie | 28 
Pte 185 Veo [Pt 
ml ve | 
Se ll veo NT oi eee 

16 ves | ne [oof cu | 








Note. Guicro ™ is a trademark of the G-MICRO group for the TRON specification microprocessors 
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CMOS FLOATING-POINT PROCESSING UNIT (M32/FPU) 


BLOCK DIAGRAM 


a PROTOCOL ; 
CONTROLLER } 
PIPELINE 
MANAGER ; 


CONTROL 
SIGNAL 


FORMAT 
CONVERTER 


(BUS CONTROL UNIT) 
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([MICROSEQUENCER) 


MICRO ROM 


MiCRO-ADDRESS 
CONTROLLER 
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“, ci Gi | Se 
3 
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CONSTANT 
ROM 
MULTIPLIER 


DATA TYPE PROCESSOR 


EXPONENT PROCESSOR 


MANTISSA PROCESSOR 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 





JAPAN 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 
Telephone (03) 3218-3473 

(03) 3218-3499 
Facsimile: (03) 3214-5570 


Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex 526408 KMELCO J 
Telephone (0727) 82-5131 
Facsimile: (0727) 72-2329 


HONG KONG 

Mitsubishi Electric (H.K ) Ltd 

41st fl, Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 

Telex: 60800 MELCO HX 

Telephone. 510-0555 

Facsimile 510-9830, 510-9822, 
510-9803 





SINGAPORE 
MELCO SALES SINGAPORE PTE 
LTD 

230 Upper Bukit Timah Road # 03- 
01/15 

Hock Soon Industrial Complex 
Singapore 2158 

Telex RS 20845 MELCO 
Telephone 4695255 

Facsimile 4695347 








TAIWAN 
MELCO-TAIWAN CO, Ltd 
1st fl, Chung-Ling Bldg., 

363, Sec 2, Fu-Hsing S Road, 
Taipei R.O.C 

Telephone (02) 735-3030 
Facsimile’ (02) 735-6771 














Telex 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc 
16980 Via Tazon, Suite 220 

San Diego, CA 92128 

Telephone: (619) 451-9618 
Facsimile (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone (303) 740-6775 
Facsimile (303) 694-0613 





SOUTHWEST 

Mitsubishi Electronics America, Inc 
991 Knox Street 

Torrance, CA 90502 

Telephone. (213) 515-3993 
Facsimile (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 

Telephone (214) 484-1919 
Facsimile (214) 243-0207 


NORTHERN 

Mitsubishi Electronics America, Inc 
15612 Highway 7 #243 
Minnetonka, MN 55345 

Telephone (612) 938-7779 
Facsimile (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc 
800 N Bierman Circle 

Mt Prospect, IL 60056 

Telephone (312) 298-9223 
Facsimile. (312) 298-0567 


NORTHEAST 

Mitsubishi Electronics America, Inc 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone. (617) 932-5700 
Facsimile’ (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone (201) 469-8833 
Facsimile (201) 469-1909 


SOUTH ATLANTIC 
Mitsubishi Electronics America, Inc 


2500 Gateway Center Blvd , Suite 300 


Morrisville. NC 27560 
Telephone (404) 368-4850 
Facsimile (404) 662-5208 


SOUTHEAST 


Mitsubishi Electronics America, Inc. 


Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone (407) 487-7747 
Facsimile (407) 487-2046 


CANADA 


Mitsubishi Electronics America, Inc. 


6185 Ordan Drive, Unit #110 


Mississauga, Ontario, Canada L5T 2E1 


Telephone (416) 670-8711 
Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc 
300 March Road, Suite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone: (416) 670-8711 
Facsimile (416) 670-8715 
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WEST GERMANY 

Mitsubishi Electric Europe GmbH 
Headquarters . 
Gothear Str. 8 

4030 Ratingen 1, West Germany 
Telex 8585070 MED D 
Telephone (02102) 4860 
Facsimile: (02102) 486-115 


Munich Office: 

ArabellastraRe 31 

8000 Munchen 81, West Germany 
Telex 5214820 

Telephone (089) 919006-09 
Facsimile: (089) 9101399 


FRANCE 

Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone 47087871 

Facsimile 47513622 


ITALY 

Mitsubishi Electric Europe GmbH 
Centro Direztonale Colleoni 
Palazzo Cassiopea 1 

20041 Agrate Brianza |-Milano 
Telephone (039) 636011 
Facsimile (039) 6860120 


SWEDEN 

Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 
Telex 10877 (meab S) 
Telephone (08) 960468 
Facsimile. (08) 966877 


U.K. 

Mitsubishi Electric (U K.) Ltd 
Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U K. 
Telephone: (0044) 7072 76100 
Facsimile (0044) 7072 78692 


Mitsubishi Electric Australia Pty Ltd 
348 Victoria Road 

Rydalmere Nsw 2116, Australia 

Private Bag No 2 Rydalmere Nsw 2116 
Telex MESYDAA 126614 
Telephone’ (02) 684-7200 

Facsimile (02) 638-7072 
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